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British Columbia, Western Canada, with a Note 
on the Early Ordovician Palaeogeography 
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Teiichi KOBAYASHI 


Preface 


All of the fossils described in this paper belong to EvANs’ 
collection from the McKay group in the Columbia river valley in 
British Columbia with the exception of one which was procured from 
Mount Norquary by WARREN. The collection comprises a cephalopod, 
several species of gastropods and some 50 species of trilobites, besides 
undescribed graptolites and brachiopods. It is hoped that their des- 
cription will be an addition to the knowledge on the Ordovician fauna 
in western Canada. 

While a great variety of trilobites can be recognized in the 
collection, none of them is represented by a complete carapace. 
Because of the state of preservation the present material is not 
comparable with silicified ones, and little can be added to ventral 
morphology or ontogeny of trilobites. There are, however, several 
genera and many species new to palaeontology. 

I have tried to analyze the faunas from various points of view 
to ascertain their chronological relation, because little is known of 
the stratigraphic succession of the fossil beds. In describing Upper 
Cambrian fossils of the same area, I have paid special attention to 
Glyptagnostus and Parabolinella (1938). It is interesting to me to 
find again some trilobites which reveal Atlantic affinity of the Ordo- 
vician fauna, although many others are typical members of the 
Arcto-American fauna. On this occasion a lengthy discussion is 
presented on the bearing of the faunas on the Ordovician palaeogeo- 
graphy. 

I wish here to record my cordial thanks to Dr. C.S. Evans, Prof. 
P.S. WARREN, the late Dr. E. M. KINDLE, Dr. Hans FREBOLD and 
the late Dr. C. E. Resser for the privilage of studying these interest- 
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ing fossils and for information as to their localities. My thanks are 
also tendered to Messrs. T. IcHIKAWA, C. UEKI and S. SuzukI for 
cleaning, photographing or drawing of the fossils and to Dr. S. 
Kose for editing. Finally I wish to thank Mrs. KOBAYASHI for the’ 
assistance she has given in typewriting this manuscript. All of the 
specimens described in this paper are kept in the Geological Survey 
of Canada at Ottawa. 


April 80th, 1955 
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Order Corynexochida KOBAYASHI, 1935. 
Family Telephidae ANGELIN, 1854............ bec e eee e eee eeteeen nee eceeaeee es 418 
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Family Leiostegiidae BRADLEY, 1925. 

Subfamiiy Leiostegiinae KOBAYASHI, 1935. 

Genus Leiostegiwm RAYMOND, 1913. 

Subgenus Hvansaspis KOBAYASHI, NOV. ........ cece cece cece cece e cece aces 420 

Leiostegium (Evansaspis) glabrum KosBaYASHI, nov., IH, 11-17...........-+-5 421 
Order Dikelocephalida KOBAYASHI, 1935. 

Family Asaphiscidae RAYMOND, 1924. 

Genus Hyperbolochilus Ross, 1951. 
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Family Bathyuridae WALCOTT, 1886. 
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Genus Lachnostoma Ross, 1951. 

Lachnostoma, (2) (Spiyy Vi Ue cree sconce ae ee ne 449 


Order Conocoryphida SWINNERTON, 1915. 
Family Ptychoparidae MATTHEW, 1887. 


Subfamily, Bulominae KOBAVASHT, Novas seme eat. eee ete ee eae 449 
Genus Hilomella, KOBAYASHE, NOveldesse neater eee eee 450 
Hulomella mekayensis KOBAYASHI, nov., VI. 3, LX, Wo.ct...- ses seee sees 451 
Subfamily Elviniinae KOBAYASHI, 1935. 

Genus Neotaenicephalus KOBAYASHI, nOv— as. eccmeniee oe > @ Selene ioe ieee: 451 
Neotaenicephalus obsoleta KOBAYASHI, nov., VI, 12a—b, IX, 9a-b............ 452 
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Vermilionites bisulcatus KOBAYASHI, nov., VI, 4, IX, 2...+.........--eee00- 453 


Family Solenopleuridae ANGELIN, 1854. 
Genus Hystricurus RAYMOND, 1913. 


Hysiricurus platypleurus KOBAYASHI, nov., VI, 6.........0.4+.+ssseeeeeeeee 454 
Hystricurus-cirs genalatus “ROSS, Vl, =1-24... asses 454 
LY Str iCUrUsisD., NV ly Oats Sees Fk hehe es ae aoe eee 455 
FLY SUP CUTUBIG SE) 'SDicx deter tas Sascha SAAN OO ee SEO a TERE eine ee aes 455 
Genus Parahystricurus Ross, 1951. 

Ba ranystreuriws(e\\Sps,e Vins Lic teem sy see ee ee 455 
Genus Clelandta“COoSSMAINN, 1902) eters cote cicee con eee eae ee eee 456 
Clelandia (@\ sp... Vij. Daa we os cei ete oe bs 6 cs nite a re eee 456 
Genns Dimeropygiella Ross, 1951. 

Dimeropyguellax cos KOBAYASHI V1, lO cenit eee ere cee een ets 456 
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Amechilusituverculatus ISOBAVASHT) NOVss) Vly Ll cerceretereisieniere eloteielelersteteeieiereres 459 
GenussiMacroculitess WOBAVASHE en OVameecte denice rite eles eect 460 
Macroculites enigmaticus KOBAYASHI, nov., VI, 14, IX, 6a-b................ 461 
WAG ROCKERS (ED) Side WGA isa cect doodees000vedr dobbooho cscs 0lbbue Sooo4oe 462 
HamilyeOlenidaee BURMBEISTE Rs [S43 a cie cere mitisncisiecirer teste cleleimorsveteoireterera veloute 462 


Subfamily Oleninae KOBAYASHI, 1935. 
Genus Parabolinella BR6OGGER, 1882. 


Parabolinella bisuleata KOBAYASHI, nov., VII, 18-19...................0008- 463 
Subfamily Leptoplastinae ANGELIN, 1854. 
Genus Sphaerophthalmella KOBAYASHI, NOV. «2.0.5.2... sess ne see ese oe 463 


Sphaerophthalmella inexpectans KOBAYASHI, nov., VII, 10a—b, 11, IX, 12a—b.. 464 
Subfamily Peiturinae HARRINGSTON and LEANZA, 1952. 

Genus Peltwra MILNE-EDWARDS, 1840. 

Peltura pacifica KOBAYASHI, nov., VII, 14-17............. Caines ieee cats ts eas 465 
Peltura canadensis KOBAYASHI, nov.; VII, 20..........cesvecerereecrereers 466 
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60. Ampyx walcotti KOBAYASHI, nov., VIII, la-b, 2a-b, 3....-..-.+-+seeeee eens 469 
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682 Ampye bi spetovey VILL, VUS=2018 recites cto cries eleterelBuels te letel ols ohetedeie eich =f ets ieee 471 
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Chapter I. 


Stratigraphy of the McKay group and Evans’ Collection 
of its Fossils 


According to EVANS (1933) the McKay group lies on the Jubilee 
limestone (Middle and/or Upper Cambrian) in the southeastern part 
of the Brisco-Dogtooth Map-Area and on the Canyon Creek slates 
(Middle? Cambrian) in its northwestern part. Because of its typical 
display the name of the formation was taken by him from John McKay 
Creek, a tributary of Sinclair Creek which is in turn a branch of the 
Columbia river. 

The McKay group is a thick formation over 4000 feet in total 
thickness, which consists mostly of thin and thick bands of blue-gray 
limestone and gray shale in alternation and includes many fossiliferous 
beds from Upper Cambrian to Chazyan. The basal part is, however, 
quite shaly and contains 6 to 12 inch beds of light blue crystalline 
limestone. The lower part is massive blue limestone; the middle 
part composed of alternations of shales and limestones in which 
intraformational limestone conglomerates are frequently intercalated ; 
the upper part is thin bedded and rusty from weathering, with 
ripple marks and mud cracks. 

In the Brisco and Van Horne ranges the upper alternating portion 
of the group to some thickness is heteropic to the Glenogle shales 
which are composed of arenaceous shales, black shales and limy shales 
in addition to several massive quartzite beds, 8 to 10 feet thick in 
100 feet near the top. The Glenogle graptolites are intimately related 
to the Deep Kill and Normanskill faunas. The McKay group in ad- 
dition to the Glenogle shales is overlain by the Wonah quartzite. 
Above this quartzite the Richmondian Beaverfoot formation and the 
Gotlandian Brisco formation were accumulated one after another. 


Table 1. Relation of the McKay Group to the Glenogle 
and other formations. 


WALCOTT EVANS 


Chazyan and Canadian | Glenogle Chazyan and Beekmantown iss Glenogle 
Canadian . Sarbach Beekmantown SS 
Ozarkian Mons to McKay group 
Upper Cambrian Sabine ? Upper Cambrian 
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The McKay group comprises the Glenogle, Sarbach, Mons and 
possibly Sabine formation in WALCOTT’s classification as shown in the 
table 1. For any further information on the stratigraphy the reader 


is referred to EVANS’ report (1933). 


The fossils dealt with in this paper were collected from the 


localities listed below. 
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ible 
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14. 
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List of Fossil Locality 


All from Columbia River Valley, British Columbia 
Informations given by E. M. KINDLE and C. E. RESSER. 


7899. Rocky Mountain Quartzite, Mount Norquay. (P.S. WARREN, 1923) 
7977. Goodsir No. 37/7. 

North of forest stream from East, North of Brisco trail, elevation 5250’. 
Rock Vermilion, 1 mile north of Banff, Brisco trail). 

7978. 33/4 


2’ above 33/3, No. 8120, Vermilion basin. Headwaters of Pinnacle creek, Brisco 


range, Elevation ca 7500’, 4.5 miles northeast of Brisco station. 
7999. Goodsir, No. 8/11 

On Harrogate section, 117’—350’ below 1st quartzite. 

8005. Goodsir, No. J/8 

At head of Creek, 3.1 miles North of Sinclair, elevation 7450’. 
8032. Goodsir, No. 7. 

No locality given. 

8064. Goodsir, No. 14/3 

South of Whiskey trail, elevation 7000’. 

SUNS INOS Sky lh 


On spur northeast of Brisco trail crossing at elevation 5750’. (Big Vermilion). 


8117. Glenogle, No. 33/1. 

North Vermilion basin, elevation 8100’. 

8118. Glenogle, No. 33/2. 

Vermilion basin, elevation 8050’. 

(10a and 10b are distinguished from 10 by lithology), 
8120. Goodsir, No. 33/3. 

North Vermilion basin, elevation 7700’. 

8128. Goodsir, No. 37/3 

North of Ist stream from East, North of Brisco trail, elevation 5500’. 
North Banff, Brisco trail, North Folk, Vermilion). 
8139. Goodsir, No. 52, below quartzite. 

McKay Creek section, below quartzite 115’. 

8146. McKay Creek. 

8160. Goodsir, No. 52. 

McKay Creek section below quartzite 2939’. 

8161. Goodsir, 52 (52/3035, McKay Creek) 

Section 52 below quartzite 3035’. 
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17. 8164. Goodsir, No. 53. 
1 mile south of No. 52, west side of McKay Creek. 1.5 miles from Sinclair. 

18. 8171. Goodsir, No. 57. 
North end, Steamboat Mountain, east slope, elevation 3700’. 

19. 8173. Goodsir, No. 57/4. 
North end, Steamboat Mountain, east slope, elevation 4250’. 

20. 8211. Goodsir, No. 22 
Elevation 6000’ just south of third creek, southeast of Harrogate. 

21. 52/139. McKay Creek. 

22. 53/5. Section of McKay group, 1 mile north of Sinclair Creek on west side of 
McKay Creek. 

23. 54/1. 2 miles south of Sinclair Creek, 3 miles northeast of Columbia river, 
Elevation about 5600’. 

24, 58/1. $ miles east of Grant Mine, Jubilee Mountain, Elevation ca 5200’. South of 
Harrogate, west side of Columbia River. 

25. V/4. Have no number V/4 or no record of it. (1 mile North Harrogate, on label). 

26. 7/b. 7985. North of Ist stream from East, North of Brisco trail. 

27. C2. North of the Ist stream from East, North of Brisco trail. 


The McKay group in the type section along John McKay creek 
where it underlies the Wonah quartzite is classified into the following 
7 rock units in descending order. Cut by a fault, the base of the 
group is unexposed. 


VII. Gray crystalline limestone, 342 feet thick; a band of conglomeratic dolomite 


near the top. 

VI. Argillaceous limestone beds and shale layers and lenses, 116 feet thick; some 
layers replete with broken fragments of trilobites; a shallow concentration of 
shells and moults. 

V. Blue limestone, 373 feet thick; brachiopods in 5 horizons. 

IV. Unfossiliferous limestone with chert bands 

III. Unfossiliferous dolomitic limestone with chert bands | aa feet thick 

Il. Unfossiliferous crystalline limestone with chert bands 

I. Alternations of bluish gray or blue limestone and shales, 1565 feet thick; 
numerous limestone beds are intraformational conglomerates. 


Putting aside the three unfossiliferous units (II, III, and IV), 
trilobites and graptolites are reported from 9 horizons in 8 other 
units (I, VI and VII). The collection at hand contains fossils from 
6 localities in John McKay creek. Three of them (locs. 18, 15 and 
16) can be exactly allocated in the type section, but not the other 
three. From the occurrence of asaphids (Kobayashia), however, it is 
presumed that loc. 14 belongs to either one of the three horizons, 4, 
5, and 6. Because Kirkella or Protopliomerops is procured respectively 
from loc. 17 or loc. 21, these two localities are thought to be near 
loc. 18. Neither Kainella nor the like is contained in the McKay 
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creek collections at hand. The relation of these fossil localities to 
the fossil horizons in EVANS’ report is. shown in the table given 
below. 


Table 2. Fossil horizons in the McKay Creek type section. 


A Bre GC D E 
he 57 | VIL | Phyllograptus Ampyx zone 
8. 115 | VII | Isoteloides Megalaspis zone Locs, 13" 175. 2h 
ee 139 | VIL | Amphion-Diplograptus | Diplograptus zone 
6. 319 VI | Xenostegiwm 
5 Aue | NA | Isoteloides Xenostegium zone Loc. 14; 
4. | 489| VI | Megalaspis | 

| Ozarkispira zone 

3. |2ie1} 1 | Kainella | Kainella zone 
2 2939 | =I | Symphysurina / Syiphyen hia deve Loe. 15. 

3035. I. | Symphysurina | Loce 16: 


Numerals in feet below the Wonah quartzite. 

Rock units in Roman numerals. 

Leading genera (RUEDEMANN’s and RESSER’s determination). 
Fossil zones in EVANS’ report. 

Fossil localities in this paper. 


sooOwP 


The Symphysurina limestone is widely distributed on the east and 
west sides of the Columbia river. At the north end of the eastern 
slope of Steamboat mountain it is found at elevations of 3700 feet 
and 4250 feet (locs. 18 and 19). The collections from loc. 24 on Jubilee 
mountain and loc. 19 of Steamboat mountain are especially rich in 
genera and species. In the McKay creek section the limestone at 
loc. 15 lies 96 feet above that at loc. 16, this fact showing that the 
Symphysurina fauna occurs in two or more horizons. It is known 
to occur also at locs. 22 and 28 in the Sinclair canyon and locs. 10a 
and 10b in the Vermilion basin. 

The Kainella-Evansaspis fauna was procured from locs. 2, 8, 12, 
and 27 on the Brisco trail and from loc. 25 in the north of Harrogate. 
The collection from loc. 2 contains a copious fauna composed of some 
15 species. The Lingukainella faunule from loc. 7 on Whiskey trail 
may be nearly coeval with the preceding as Paenebeltella convexa and 
Gonioteloides are found to be common to both the two localities. 

It is probable that the gastropod limestones at locs. 5 and 6 are 
also approximate in age to the preceding because Ozarkispira is 
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common to locs. 6 and 7 and Raphistomima sinclairensis to locs. 2 
and 5. 


Table 8. Symphysurina Fauna 


Pee bs : ; Svoes | 
=— Sa /10a |10b 
Specific name See oe | 


Eobucania pulchra ea | seca Sal 
Symphysurina (Symphysurina) spicata | | | b er | | | 
. (Symphysurina) spicata eugenia be de er lal, Gal (Preaiate 
. (Symphysurina) cfr. corlissensis | 
. (Symphysuroides) elegans 
. (SSymphysuroides) expansa 


RRARANM 


| 
. (Symphysuroides) cfr. brevispicata le ce ease | pam Se" | 
Symphysurina a sp. | | | 
Symphysurina b sp. 
Bellefontia platana 
Columbicephalus macrops | x | es! | 
Asaphid, spp. indt. (b, c) | | | | | | | x 


Gonioteloides monoceros | 
Eulomella mckayensis | | | 


Neotaenicephalus obsoletus | | | | x 


Hystricurus cfr. genalatus | | | | 
Hystricurus sp. | x 
Hystricurus (?) sp. | | | es] 


Amechilus tuberculatus | | | | | | | | x 
Macroculites enigmaticus 
Parabolinella bisulcatus 


Sphaerophthalmella inexpectans 
Jujuyaspis borealis f | 


Lunacrania trisecta | | | | 
Rhamphopyge altipolum | | 
Gen. and spp. indt. (free cheeks) | leer | x 


Neoagnostus aspidoides . | . le 
Geragnostus aff. mundus | . | lex 


Trinodus priscus | | x | 


Apatokephalus canadensis was obtained at loc. 26 on the Brisco 
trail and at.loc. 20 in the southeast of Harrogate. At the latter it 
is accompanied by a few asaphids and Peltwra pacifica which occurs 
together with an indeterminable Nileidae at loc. 9 in the North 
Vermilion basin. There is thus some relation among the fossils from 
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the three localities. Therefore they are tentatively assembled into 
the Peltura-Apatokephalus faunule. This faunule has no species or 
genus in common with the Kainella-Evansaspis fauna, but it is related 
to the asaphid faunule from locs. 1, 3, 4, 11 and 14. 

These asaphids are presumed to have been obtained from different 
horizons. In the Pinnacle trail, loc. 3 is said to be located 2 feet 
above loc. 11. 

Robsonoceras (?) sp. from loc. 8 is the solitary nautiloid in the 
collection at hand. Likewise, Ellesmereoceras (?) is the only nautiloid 
of the McKay group in EVANS report. Therefore it is highly probable 


Table 4. The Kainella-Evansaspis fauna and its allies 


eee Loc. | | 

ge ere ie ae fio i a fee ea 
Specific name eS | 
Raphistomina sinclairensis | | x | 


R. sinclairensis acuta Kegel | 


Lytospira mediosulcata 


Ozarkispira leo 
Ozarkispira sp. indt. 
Kainella kindeli hse 


Kainella stenorachis I si he pn hii mabe bac 
Lingukainella robusta | | x | 
Tesselacuada flabella | 


Leiostegium (Evansaspis) glabrum 


Hyperbolochilus expansus 


es) ke Xe Os. 


Symphysurina b sp. | 
Gonioteloides monoceros | 


Gonioteloides punctatus x 
Vermilionites bisulcatus | x 


Hystricurus platypleurus ss 
Parahystricurus (2) sp. 

Clelandia (?) sp. x 
Dimeropygiella eos | figs 
Metabowmania latilimbata | 
Amechilus tuberculatus | x | 
Paenebeltella convexa | 


| 
Ampyx sp. | ) 
Shumardia sp. | | | 


Gen. et sp. indt. (free cheek) | x | 
Hyperagnostus binodosus | <a | 
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that this Robsonoceras (?) sp. is nothing but Ellesmereoceras sp. which 
RESSER identified for EVANS. 

In ULRICH and others’ monograph on the Ozarkian and Canadian 
cephalopods (1944) Hllesmereoceras robsonensis WALCOTT from the Mons 
in Alberta is referred to Robsonoceras and this genus is noted to be 
common in the Leiostegiwm zone of the Chushina formation in British 
Columbia, but no species of Ellesmereoceras is described in the mono- 
graph from western Canada. 

Beside the nautiloid Plectorthis, Xenostegium, Bellefontia(?) and 
Isoteloides are noted by RESSER as members of the Ozarkispira zone. 
The asaphids associated with Robsoneceras(?) at loc. 3 could be those 
which RESSER called Xenostegium, Bellefontia(?) or Isoteloides. I 
cannot, however, convince myself of their reference to the Ozarkispira 
zone, because, as listed in the preceding page, Ozarkispira from locs. 
6 and 7 as well as Raphistomina from locs. 2 and 5 are all isolated 
from these fossils from loc. 8 or any other of the asaphid fauna. 

In the type section of John McKay creek the II, III and IV 
divisions of the group are unfossiliferous and the Ozarkispira zone 
is unrepresented. The asapid faunule from loc. 14 which contains 
Kobayashia must have been obtained from either one of the Xenostegiwm 
(6), Isoteloides (5), or Megalaspis (4) horizon, because it is quite dif- 
ferent from the Protopliomerops-Kirkella faunule at loc. 18 in the 
so-called Isoteloides (8) horizon. 


Table 5. The Apatokephalus-Peltura faunule (locs. 9, 20, 26) 
and the asaphid faunules (locs. 1, 8, 4, 11 and 14). 
eS ies "Loess [etamey rt ese) 

—— | 1) 3) 4) 9) 11) 14 | 20 
__ Specific names =—— | rae lig | 


26 


Robsonoceras sp. | x | | 
Apatokephalus canadensis Pr, | x | x 
Nileidae (?) gen. and sp. indt. | | x 
Bellefontia (?) aff. collieana | 
Bellefontia (?) sp. | 
Asaphellus (2?) canadensis | | x | 
Kobayashia lanceolata x x | 

Kayseraspis (2) euclides [ven x | x | 
Kayseraspis (?) sp. x | 
Protopresbynileus (?) aff. willdenr xan x 


Peltura pacifica | x 


Peltura canadensis | | | ese 
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The asaphoid pygdium with a posterior pit on the doublure or 
Protopresbynileus (?) aff willdent is known. to occur at locs. 4 and 14. 
The former locality is said to lie in the Harrogate section 117 to 350 
feet below the first quartzite of Wonah and the trilobites are contained 
-in light gray crystalline limestone. 

Insofar as the present collection is concerned, the asaphid faunule 
appears to be widely ranged. It is related to the Apatokephalus 
faunule, but there is none which is common with the Evansaspis 
fauna or the Ozarkispira faunule. 


Table 6. The Kirkella-Protopliomerops Fauna (Locs. 13, 17, 21) 
and the Telephus Faunule (Loc. 10). 


ths 27 acne t is tae Loc. 10 ist a7 Ph ae 


__ Specific name _ yore iy ae i) 


Burnesella tympama x 
Protopliomerops subquadratus | apes 
Protopliomerops radiatus 
Protopliomerops longispinus 
Telephus pacificus x 
Kayseraspis (2?) euclides 

Kirkella cfr. vigilans 

Asaphid, gen. et sp. indt. (pygidium). 
Licnocephala longa 

Lachnostoma (?) sp. 


K, Mak Ke 


Ampyx walcottt 
Ampyx sp. x 
Trinodus tardiformis x 


Finally there are two faunal assemblages. One is the Kirkella- 
Protopliomerops fauna from locs. 18, 17 and 21 in the McKay creek. 
The most important of these three localities is loc. 18 which yields 
6 species, i.e. the so-called Isoteloides (8) horizon in the type section 
located 115 feet below the Wonah quartzite. The fossil horizons at 
locs. 17 and 21 are, judging from the contents, not much different 
from those at horizon 8. The other of the two assemblages is re- 
presented by the Telephus-Ampyx faunule. Loc. 10 in the Vermilion 
basin yields a distinct faunule in which Ampyx is the most common 
trilobite. 

In summerizing these facts the following 7 faunal assemblages 
can be distinguished in the collection at hand. 
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The Telephus-Ampyzx faunule (loc. 10.) 

The Kirkella-Protopliomerops fauna (locs. 13, Ns Zab) 

The Asaphid faunule (locss 1, 3, 4, uaa 

The Apatokephalus-Peltura faunule (locs. 9, 20, 26.) 

The Ozarkispira-Raphistomina faunule (locs. 5, 6.) 

The Kainella-Hvansaspis fauna (locs. 2, 7, O12 25eero 

The Symphysurina fauna. (locs. 10a-b, 15, 1618749622623. 24.) 


Chapter II. 
The Ages of the Ordovician Faunas in the McKay Group 


Through Evans’ field observations combined with preliminary 
determinations of graptolites and other fossils by RUEDEMANN and 
RESSER, 8 fossil zones were distinguished in the McKay group as 
follows :— 


8. Ampyx zone 4. Ozarkispira zone 
7. Magalaspis zone 3. Kainella zone 
6. Diplograptus zone 2. Symphysurina zone 


5. Xenostegium zone 1. Dicellocephalus zone 

The fossils at hand which belong to a part of EvANs’ collection 
were procured from numerous fossil localities in separate sections 
and their stratigraphic relation is not well known. Therefore I 
have tried to group the fossils into faunas or faunules with reference 
to their association at each locality. As the result 7 faunal assem- 
blages were obtained. It is the principal object of this chapter to 
check on the time relation among these faunas with reference to 
the existing knowledge on the Ordovician zonation in the Cordilleran 
region. 

WALcoTT (1924) has distinguished in the Mons formation the 
four zones which were called Briscoia, Symphysurina, Hungaia and 
Ozarkispira leo zones. Incidentally this Hungata zone must be the 
Kainella zone, because Hungaia billingst WALCOTT which was the 
zone index was later chosen for the type species of Kainella by 
WALCOTT. He placed the Mons in the Ozarkian, but stated that “the 
lower Mons (Briscoia) faunule is strongly related to that of the 
Upper Cambrian and the upper faunule has a large proportion of 
genera of an Ordovician facies.” In agreement with WaLcoTT, I do 
not hesitate to draw the Cambro-Ordovician boundary between the 
Briscoia and Symphysurina zones. 

In my previous paper (1988) the Plethopeltis-bearing gray lime- 
stone of Mount Jubilee was referred to the first or Briscoia zone, 
because it yields Briscota (?) latimarginalis KOBAYASHI. 

In the Sinclair canyon section which WaLcoTT (1924) took for 
the standard in the Brisco-Stanford range, the lower division (4) of 
the Mons formation comprises 4 fossiliferous horizons. Briscoia is a 
common genus in the middle two. The upper one of this division 
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which yields Taenicephalus is also Upper Cambrian. 

In the middle part (2 and 3) of the Mons the lower beds contain 
Symphysurina, but not Hungaia (i.e. Kainella) and the two genera 
occur together in the upper beds. Ozarkispira leo is known from 
the upper division (1). 

The Soddary-Dry creek section is also provided with the afore- 
mentioned four zones. There Hungaia (i.e. Kainella) is not accom- 
panied by Symphysurina. 

In WALcoTT’s later paper (1928) the manuscript of which was 
altered by RESSER before its publication, it is cited that Kainella 
and Leiostegium occur in the Fossil Mountain section in the horizon 
lower than Symphysurina (?) in the lower part (1b) of the Mons 
formation. These three genera of trilobites are, however, found 
together at Billings Butte in a horizon of the Chushina formation in 
Robson Peak area. 

The coexistence of the three genera is found at loc. 2 in the 
Columbia river valley, but such an occurrence is unusual in the 
McKay group. The above mentioned superposition of the Symphysurina 
zone on the Kainella-Leiostegium zone is just the reverse to the exact 
zonation of the Lower Ordovician formation in Utah and Nevada 
which was lately elaborated by Ross (1951) and HINTzE (1952). 

According to Ross (1951) Symphysurina occurs in his A and C 
zones whereas Leiostegium manitouensis appears in his D zone of 
the Garden City formation. According to HINTZE (1952) Symphysurina 
is restricted to his B zone i.e. Symphysurina zone and Letostegium 
(Evansaspis) formosa occurs in the Tesselacauda or E zone which lies 
above the Leiostegium manitouensis-Kainella zone or D zone of the 
Pogonip group. 

As mentioned before, Symphysurina and Symphysuroides are 
distributed widely in the Columbia river valley. The species of 
Symphysurina or Symphysuroides and their associates at the 9 
localities of the Symphysurina limestone are, however, fairly different 
from one another. In fact there is no species common among 6 
species from loc. 19, 3 species from loc. 22 and 8 species from loc. 24. 
Such a difference suggests that the Symphysurina fauna was derived 
from 3 or more horizons. Therefore the mutation of Symphysurina 
or Symphysuroides which took place during the deposition of these 
limestones is an interesting subject for future study. Symphysurina 
was declined but still survived until the Hvansaspis hemera, as can 
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be recongnized from the coexistence of the two genera at loc. 2. 

The present collection contains no Leiostegium, s. str. Letostegium 
(Evansaspis) grabrum which occurs at 4 localities must be a good 
guide fossil. It is found together with Kaznella stenorachis at. 
loc. 2. 

It is noteworthy that the Symphysurina fauna and the Evansaspis- 
Kajinella fauna still contain several trilobites of Cambrian aspects. 
They are Hyperbolochilus, Neotaenicephalus, Vermilionites, Metabow- 
mania, Amechilus and Sphaerophthalmelia to which Parabolinella may 
be added. These faunas are, however, quite different from the 
Croixian ones in the development of asaphids, hystricuroids, bathyurids 
(Gonioteloides), raphiophorids and cheiruroids (Tesselacauda). The 
inclusion of the true bucanid in the Symphysurina fauna is quite a 
remarkable fact. 

These faunas must be early Ordovician in age. The inclusion of 
many Cambrian trilobite relicts in these faunas means that the 
faunal change from the late Cambrian to the early Ordovician period 
was relatively gradual in this part of the world. This is probably 
due to the fact that the change of the environment recorded in the 
lithofacies was so gradual that the Briscoia zone has to be combined 
with the three superjacent ones in a rock unit of the McKay group 
which was termed “ Mons formation ” by WALCOTT. 

Paenebeltella convexa is a species and Gonioteloides a genus which 
are common to the faunules of locs. 2 and 7. Ozarkispira is another 
genus which occurs in common in those of locs. 6 and 7. From these 
facts it can be concluded that the Ozarkispira fauna and the 
Evasaspis-Kainella fauna are linked by the faunule of loc. 7. 

Lingukainella and Dimeropygiella eos suggest that the faunule 
from loc. 7 is a little younger than that of loc. 2. Lingukainella is 
morphologically more developed than Kainella. Furthermore it is 
noteworthy that Dimeropygiella was founded by Ross on D. 
caudanodosa from the J zone of the Garden City formation. Subse- 
quently HINTZE described this species from the J zone of the Pogonip 
and D. ovata and D. blanda from the H zone of the same group. D. 
eos at hand looks older than these species, because it bears some 
aspect resembling Hystricurus. 

Only gastropods were collected from loes. 5 and 6. Raphistomina 
sinclairensis is the solitary fossil from loc. 5, and its horizon may 
not be far apart from loc. 2 which yields R. sinclairensis acuta. 
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Ozarkispira leo which was procured from loc. 6 is the well known 
index to WALCOTT’s zone of the same name. 

Now WALcoTT’s 4 fossil zones in the Mons are endorsed by 
these facts to be in the succession that he pointed out in 1929. 
From the above discussion the zonation can be made with greater 
accuracy, as suggested below. 

1. There may be 3 or more subzones in the Symphysurina zone 
or limestone. 

2. The Kainella zone may be splitted into the zone with 
Leiostegium s. str. and the other with Evansaspis. 

3. The Lingukainella bearing horizon can be expected to be located 
between the Ozarkispira leo zone and the Kainella-Evansaspis zone. 

Incidentally, the so-called Ozarkian fauna which KINDLE (1929) 
described from Jasper Park, Alberta, belongs, in my opinion, most 
probably to the Symphysurina fauna because his Hardyia metion? 
appears to be congenerie with Lunacrania trisecta and possibly so is 
Symphysurina walcottt KINDLE with Bellefontia platana. 

In Utah and Nevada two series of fossil zones are designated by 
Ross and HINTzE in alphabetical order. It is, however, noted by 
HINTZE that any two zones in the same letter designation contain 
fairly different faunas. Accordingly their synchronism may not be 
as acurate as they sound. 

It is more difficult to correlate these zones with those in Canada. 
Nevertheless it is interesting to see that as in the Columbia river 
valley, Symphysurina occurs in 8 or more zones, namely in the B 
zone of the Pogonip group and in the A and C zones of the Garden 
City formation. There are two zones of Letostegium, s. 1. More 
precisely, Letostegium manitowensis occurs both in the D zone of the 
Garden City and the D zone i.e. the Letostegium-Kainelia zone of the 
Pogonip group. Hvansaspis is unrepresented in these zones, but repre- 
sented by a species called LZ. formosa in the Tesselacauda or the E 
zone of the Fillmore limestone. In the Garden City formation 
Tesselacauda depressa occurs in the E zone. 

Leiostegium manitowensis was described by WALcoTT (1925) from 
the Chushina formation of Mt. Extinguisher near Mt. Robson in 
British Columbia. The present collection does not contain this 
species, but the Leiostegiwm fauna may be nearly contemporaneous with 
the Apatokephalus bearing faunule from locs. 20. and 26 and the 
asaphid faunule of loc. 8 containing Robsonoceras (?), because it is 
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known that Robsonoceras is a common member in the Levostegiwm 
zone and Apatokephalus finalis is reported from the manitouensis 
bearing D zone of the Pogonip. 

The Ozarkispira leo zone is missing in the schemes of zonation 
achiveved by Ross and HINTzE, but Raphistoma rotuliformis MEEK 
which is, according to KNicuHT, (1941), probably identical with 
Ozarkispira leo, is presumed to have been procured somewere near 
the F zone. 

I cannot convince myself of the propriety of grouping the faunules 
from locs. 1, 3, 4, 11, 14 and 20 into the asaphid fauna, because as 
has been pointed out already, the faunules of locs. 3 and 20 are 
approximate contemporaries of the Leiostegium fauna. The faunule 
of loc. 4 which contains Kobayashia is probably younger and may 
be correlated to the G, to G,, zones of the Garden City which yield 
“ Xenostegium” taurus, Asaphellus (?) eudocia and Macrapyge gladiator 
(cephalon). 

The Kirkella-Protopliomerops fauna or locs. 18, 17 and 21 appears 
to be still younger. According to Hintze Kirkella is a long ranged 
genus from his G, to J zones, but Kirkella cfr. vigilans and K. decliva 
are limited to his J zone. In the Garden City formation the occurrence 
of the latter is also resticuted to Ross’ J zone. Therefore the two 
species, vigilans and decliva, which are very similar to each other, 
may be important keys to correlation. Protopliomerops as a genus 
also ranges widely from the G, zone to the F zone in the Garden 
City formation and from the G, zone to the H zone in the Pogonip 
group. 

Incnocephala longa and Lachnostoma (?) sp, are found at loc. 
13. Lrenocephala is known from the G, zone of the Garden City 
and from the F and G, zones of the Pogonip, while Lachnostoma is 
reported from the J zones of the two formations, In weighing these 
time ranges it may be said that the Protopliomerops-Kirkella beds 
in the McKay group are a little older than the J zones of the 
Pogonip as well as the Garden City formation. 

A tentative correlation of the fossil beds in the McKay, Pogonip 
and Garden City formations is shown in the table given below. 

In northeastern Utah the Garden City formation comprising the 
A to L zones is underlain by the Croixian St. Charles formation and 
overlain by the Swan Peak with the M zone. Ross correlated the 
A and B zones to the Tribes Hill and Stonehenge in the eastern 
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Table 7. Correlation of the fossil beds in the McKay Group to 
the fossil zones in the Pogonip and Garden City formations. 
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McKay group | Pogonip group Garden City formation 
Kirkella-Protopliomerops beds H~-J zones H-J zones 
Kobayashia beds G,_» zones G,_» zones 
Ozarkispira zone F zone F zone 
Evansaspis beds E zone E zone 
Robsonoceras(?)-Apatokephalus beds | D zone D zone 
Symphysurina beds B-C zones A-C zones 


states and the C and D zones to the Manitou limestone in Colorado. 
Laying special stress on the occurrence of Hesperonomia and Trito- 
coechia in the J and K zones and of Anomalorthis in the L zone he 
drew the Canadio-Chazyan boundary between the K and L zones 
with the reservation that the boundary suggested by some trilobites 
may be a little lower. 

In western Utah and eastern Nevada Hintze found two more 
zones in the Pogonip group which are higher than the M zone of 
the Swan Peak, but considered to be still in the Chazyan. As for 
the Chazyo-Canadian boundary he drew it between his K and L 
zones. 

The faunule of loc. 10 must be the youngest of the McKay 
faunas because Telephus is unknown from pre-Chazyan formations. 
In North America Jelephus is most common in the Blount formation 
in the southern Appalachians. 

The relation of the faunal assemblages to Evans’ fossil zones is 


Table 8. Relation between the faunas classified here 
and the fossil zones cited in EVANS’ report, 1938. 


KOBAYASHI (1955) EVANS (1933) 


Telephus faunule 
Kirkella-Protopliomerops fauna 


Ampyx zone 
Megalaspis zone 
Diplograptus zone 
Kobayashia faunule Xenostegium zone 
Ozarkispira faunule Ozarkispira leo zone 
Lingukainella faunule 

Hvansaspis-Kainella fauna | \ 
Robsonoceras (?)-Apatokephalus faunules 


Symphysurina fauna 


Kainella zone 


| Symphysurina zone 
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suggested in the table 8. 

Now we shall examine the distribution of more important genera 
in North America. Symphysurina, inclusive of Symphysurotdes, is the 
most important genus marking off the base of the Ordovician system. 
In the Yukon-Alaska boundary region Symphysurina tatondukensis 
(nov.) occurs at Jones ridge, north of the Tatonduk river and S. 
spicata on the Squaw mountains (KOBAYASHI, 1936). The genus is 
represented by a great variety of species in Alberta and British 
Columbia as well as in Utah and Nevada. 

S. spicata is known to occur in the Bellefontia zone at the top 
of the Pilgrim formation in central Montana (LOCHMAN and DUNCAN, 
1950). This species beside two others of the genus is listed from 
the Simpson Spring Mountain boulders (KING, 1937) and S. cfr. 
woosteri from the Wood Hollow boulders, all in the Marathon uplift 
in western Texas (WILSON, 1954). Furthermore Symphysurina is 
found together with Hystricurus in the McMichel member of the 
McKenzie Hill formation of Oklahoma (FREDERICKSON, 1941). 

S. woosteri is the type species of the genus which was primarily 
described from the Oneota dolomite in Wisconsin. While the axial 
lobe of the pygidium is usually protruded into a caudal spine in 
ULRICH’s types, the spine is undeveloped in the pygidia from the 
same limestone in Minnesota which POWELL (1935) referred to the 
species. STAUFFER and THIEL (1941) added later S. spicata to the 
Oneota fauna of Wisconsin. 

Symphysurina is represented in the Mohawk valley and New 
Jersey by a few species described by CLELAND (1900, 03) and WELLER 
(1902). In Vermont some others are described by RAYMOND (1937) 
and SHAW (1951) from the Corliss conglomerate or the uppermost 
Gorge formation. 

Asaphus illaenocides BILLINGS from Limestone, No. 8, in the 
conglomerate of Lévis, Quebec is the oldest of Symphysurina among 
the dates of specific descriptions. According to RASETTI (1943) 
Symphysurina is contained with Leiostegium, Kainella, Diplapatokepha- 
lus and others in a same boulder at Lévis. 


Kainella was founded by Wa.cotr (1925) on Hungaia billingsi 
Watcott from the Chushina formation in eastern British Columbia 
and Dicellocephalus (?) flagricauda Wuite, 1874, and Deellecephalus 
inexpectans WALCOTT, 1884, both from Nevada, were referred to it. 
Of its generic distribution he mentioned “Cordilleran area of Canada 
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and the United States, Province of Quebec at Point Lévis and possibly 
Vermont in Champlain Valley.” Lately RasEtTti (1943) described 
Kainella orientalis from the Lévis conglomerate. 

Apatokephalus is a cosmopolitan genus, but so far as lam aware, 
A. canadensis in the McKay group is a solitary member of Apato- 
kephalus, s. str. in North America. Its subgenus, Diplapatokephalus 
is on the other hand indigenous to the continent where it is represented 
by the following species : — 
Dicellocephalus finalis WALCOTT, 1884, from the lower Pogonip of Nevada. 


Diplapatokephalus multispinosus RAYMOND, 1937, from the lower Highgate of Vermont. 
Diplapatokephalus levisensis RASETTI, 1943, from the Lévis conglomerate of Quebec. 


Finalis was primarily described by WALCOTT as a companion 
trilobite of Symphysurina ewrekensis in the Eureka district, but the 
species is listed also as a member of the Leiostegiwm-Kainella (D) 
zone (HINTZE, 1952). 

As summarized by HINTZE, there are eight species of Leiostegium 
which are widely distributed in North America as follows :— 


Bathyurus quadratus BILLINGS, 1860, from the Lévis conglomerate in Quebec. 

Bathyurus maccoyt WALCOTT, 1884, from the Pogonip of Nevada. 

Letostegium puteatum RAYMOND, 1924, L. cingulosum RAYMOND, 1924, L. obtectum 
RAYMOND, 1937 and ZL. elongatwm RAYMOND, 1937 from the Highgate in Vermont. 

Letostegium manitouensis WALCOTT, 1925, from the Manitou limestone in Colorado, 
the Chushina formation in British Columbia and the D zones of the Garden City 
and the Pogonip in Utah and Nevada. 


Its subgenus, Hvansaspis, is however, so far represented only 
by the following three Cordilleran species :— 
(2?) Crepicephalus ceratopygoides RAYMOND, 1925, from the Lower Ordovician in British 


Columbia. 

Leiostegium formosa HINTZE, 1952, from the E zone of the Pogonip of Nevada and 
Utah. 

Leiostegium (Hvansaspis) glabrwm KOBAYASHI, from the McKay group in British 
Columbia. 


Robsonoceras is a characteristic member of the Letostegium fauna 
in the Cordilleran province. One is R. robsonense (WALCOTT), 1924, 
which is said to be abundant in the Leiostegium zone of the Chushina 
formation in British Columbia and occurs also in the Mons formation 
in Alberta. The other is R. manitowensis ULRICH, FOERSTE, MILLER 
and UNKELSBAY, 1944, from the Letostegiwm zone of the Manitou 
limestone in Colorado. 

The above mentioned genera are all characteristic members of 
the early Canadian fauna. Symphysurina and probably Diplapato- 
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kephalus flourished in the early part of the lower Canadian, but 
declined in the latter part when Kainella, Leiostegium and Robsonoceras 
developed. 

According to BRIDGE and CLoup (1947), Burnesella is distributed 
in “Lower Ordovician strata of post-Roubidoux age in Newfoundland, 
the Champlain Valley of Vermont, the southern Appalachian region, 
Oklahoma, Texas and Colorado.” 

Kirk (1934) once noted that Asaphus (?) curiosus would be a 
leading fossil in the Upper Canadian Taffia zone. It is the type 
species of Kirkelia which was collected from the Mystic conglomerate 
at Stanbridge. As pointed out by HINTzZE, its associates at this 
locality bear a Chanzyan aspect, but it is questionable whether they 
were in the same boulder with Kirkella curiosa. 

The genus is better represented in the west than in the east. 
Its vertical range as determined in the Pogonip by HINTZE is much 
wider than was previously thought, but is still pre-Chazyan. 

Likewise, the life range of Protopliomerops as a genus is fairly 
long. It is apparently unrepresented in the faunas in the central 
and eastern parts of the continent. Combined with Burnesella, 
Kirkella and Protopliomerops would be important keys to the Upper 
Canadian strata. 

The known distribution of Ozarkispira is restricted to the 
Cordilleran province. In western Canada the Ozarkispira zone appears 
to lie at about the middle of the Canadian sequence. In glancing 
over the Canadian fauna of the McKay group, a remarkable difference 
between the trilobite assemblages older and younger than the 
Ozarkispira zone can hardly be overlooked. Namely, the older ones 
contain, like the Tremadocian fauna, Cambrian relicts in not a small 
number. Like the Arenigian fauna, the younger ones are composed 
principally of the post-Cambrian members. 


Chapter III. 


The Bearing of the McKay Faunas on the 
Palaeogeography 


As a sequence to the preceding chapter, the relationship of the 
fauna in the Cordilleran geosyncline where the McKay group is a 
member of its sediments, to those of the Arctic, Atlantic, Anden, 
Asiatic and Australasian provinces is discussed here. The principal 
part of the McKay fauna is occupied by trilobites. Therefore the 
discussion is extended to the problems on the rise and fall of certain 
genera and families of the trilobites as well as their migration or 
dispersal which took place through the geosynclines. 

It was in 19388 that I discusséd the Ozarkian problem at a ses- 
sion of the XVI International Geologic Congress at Washington, D.C. 
It is now solved, but when we ask again why it was that it raised 
such a moot question, the essential nature of the Croixian and Cana- 
dian series and the contained faunas and their special bearing on the 
Cambro-Ordovician history will be readily understood. In 19387 I 
presented a paper to the XVII International Geologic Congress at 
Moscow in which the palaeogeography of the late Cambrian and early 
Ordovician epochs was figured out. In adding new facts gathered 
since then, the epirogeny which caused geographic changes is brought 
into discussion to determine whether it is ubiquitous or non-ubiqui- 
tous. It is a fundamental problem in geology, and it is still far from 
a final solution. It is hoped such an attempt will be made as a step. 


A. The Relation of the McKay Faunas to the Arctic ones 


The Cambro-Ordovician faunas in Greenland and its adjacency 
were brought to light by HOLTEDAHL, POULSEN, TROEDSSON, FOERSTE 
and others. The Pemmican River formation containing Elrathiella 
and the Cape Frederik VII containing Clavaspidella, Prosymphysurus 
and Ptychoparella were thought to be lower Ozarkian, when the 
Ozarkian problem was unsolved, but are now considered to be Middle 
Cambrian. No Upper Cambrian fossil has yet been found in the 
region (POULSEN, 1946). 

From the Bache peninsula HoLTEDAHL (1918) has reported Illae- 
nurus sp. and Ptychoparia sp., but Symphysurina and Hystricurus 
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were later suggested for the respective species (KOBAYASHI, 1984). 

As this suggestion was endorsed by POULSEN (1946), they are indeed, 

Lower Ordovician tribolites, instead of Cambrian ones. 

NALVIKIN’S proposal on the Upper Cambrian emergence of the 
Arctic province (1937) is thus tenable for the side of Greenland, but 

not on the other side of the north pole. 

The Koldinia fauna in Novaya Zemlya was formerly regarded as 
being Ozarkian or lower Ozarkian by WALCOTT (1924), WALCOTT and 
RESSER (1925) and LERMANTOVA and LAvrRova (1932), but is undoub- 
tedly Upper Cambrian, as was pointed out before by the author 
(KOBAYASHI, 1985, 37, etc.) It was correlated to the Agnostus pisi- 
formis zone of the Olenidian and the Iroton of the Croxian by HOWELL 
and LOCHMAN (1939). It was known to reveal an early Upper Cam- 
brian province when its wide distribution was found in Central 
Siberia from the Chatanga-Anabar basin to the Kuznetsk basin (LER- 
MANTOVA, 1940, KOBAYASHI, 1948). 

Plethopeltis, Esseigania and a few others suggest the flooding of 
the late Upper Cambrian sea on Central Siberia. The Briscoia fauna 
in Alaska (KOBAYASHI, 1935) is the definite proof for the connection 
between the Fengshanian sea in Eastern Asia and the late Croixian 
one in North America. 

I do not know of any fossil from Central Siberia which indicates 
the presence of the Lower Ordovician rocks definitely. Along the 
Atlantic side of the Caledonian geosyncline, however, Canadian fos- 
sils occur in North Scotland, Sm¢la island of Norway and Bear Island. 
In the Durness limestone in Scotland Paradoxides and Canadian 
fossils were discovered respectively in lower and higher beds. There 
is a palaeontological hiatus at Upper Cambrian, although no strati- 
graphic break is proven. 

These existing facts bear potential value on the hypothesis on 
epirogeny in alternate steps between the two sides of the Arctic 
province. In Greenland where no Upper Cambrian rock is known, 
there is a good display of the Lower Ordovician strata. 

The Cass Fjord and Cape Clay formations have first been taken 
for upper Ozarkian by POULSEN (1924). But as has been pointed out 
elsewhere (KOBAYASHI 1934), the systematic boundary must be drawn 
through the so-called Ozarkian system. Furthermore I suggested 
that the Symphysurina fauna in the Arctic must be basal Ordovician 
(1937). This suggestion was vindicated by POULSEN (1937) with dis- 
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covery of Clonograptus tenellus (LINNARSSON) var. cailavei LAPWORTH 
in the Cass Fjord formation. He mentioned that ‘‘the Cass Fjord 
formation is a stratigraphic equivalent of the upper portion of the 
Scandinavian Dictyonema shale and the Clonograptus zone of the 
British Shineton shale (Tremadocian).’’ 

Symphysurina and hystricuroids are leading members of the Cass 
Fjord and Cape Clay faunas. POULSEN (1946) traced their distribution 
from Greenland into Ellesmere land and the Bache peninsula. In 
further beyond there are Symphysurina faunules in the Yukon-Alaska 
boundary region. On the Squaw mountains there are two Symphy- 
surina limestones. The lower one includes some brachiopods similar 
to those in the Briscoia faunas of Alaska whereas the upper one, 
like the Cass Fjord fauna, does not contain such elements of Upper 
Cambrian aspect. In the faunal aspect the lower one may be 
compared in some Way to the Symphysurina faunule of loc. 19 and 
also the Evansaspis-Kainella faunule of loc. 2 which include the 
Olenidae or other Cambrian relicts. 

It was the general tendency in the Arctic province that the 
submerged area was shifted from Northern Eurasia in the early 
Upper Cambrian to Alaska in the late Upper Cambrian epoch. It is 
supposed that the sea was lingering in the northern Cordilleran 
geosyncline where the Cambrian relicts survived. 

Upon entering into the Canadian epoch, however, the sea flooded 
along the Franklin geosyncline and extended beyond the Kane basin. 
Symphysurina developed as well there as respresented by 7 or more 
species. All of them, however, belong to its subgenus, Symphysuroides 
devoid of a caudal spine. The lower Canadian fauna was enriched in 
the Cape Clay stage by the appearance of Helicotoma, Clarkoceras and 
so forth. 

Two younger formations in the region are known by the names 
of Nunatami and Cape Weber. Merit to POULSEN (1924), bifidus, 
angustifolius, gastropod and ostracod zones were distinguished in the 
Nunatami formation where the first and the second zone were 
designated respectively by Didymograptus bifidus and Phyllograptus 
angustifolius, Judging from these graptolites the age of the Nuna- 
tami may be upper Canadian-Llanvirnian. 

The fact that the development of the Bathyuridae was accelerated 
through these four zones can hardly be overlooked. The family is, 
however, represented in the Cape Weber as well as in the ostracod 
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zone. The Cape Weber contains Hystricurus crassilimbatus POULSEN 
which Ross (1951) referred to Pseudohystricurus, but there is no 
hystricuroid in the Nunatami formation. From these facts I contend 
that the Cape Weber could be at one place partly synchronous with but 
~ heteropic from the Nunatami formation at another, although the 
former is mostly younger than the latter (POULSEN, 1946). 

It is most noteworthy that the Bathyuridae, a typical Arcto- 
American family, are so well represented in these formations by 
eight genera, namely, Goniotelus, Bathyurellus, Jeffersonia, Bolboce- 
phalus, Petigurus, Bathyurina, Uronystrum (affinis POULSEN, 1927) and 
Goniotelina (bdggildi and crassicornis POULSEN, 1927). In Northern 
Europe Goniotelus (?) occurs in Trondheim area in Norway, Petigurus 
in Northwest Scotland and Bathyurellus (?) in western Ireland (STUB- 
BLEFIELD, 1939). Together with Piloceras, Archaeoscyphia and some 
others they reveal the faunal connection along the Caledonian 
geosyncline in the Canadian epoch. The main route of migration at 
the time was on the Atlantic side rather than on the Arctic side of 
North America. The Bathyuridae are distributed in North America 
from Newfoundland to Alberta through Texas. There is however, 
none of the family in EVANS’ collection, unless Gontoteloides or 
Licnocephala is a member. I have not heard of any occurrence of 
bathyurids further to the north of the Cordilleran geosyncline, except 
Bathyurus (?) which was reported by KINDLE from the Port Clarence 
limestone of the Seward peninsula. 

HINTZE’s discovery of Benthomaspis diminuta in the J zone of 
the Pogonip which is congeneric with B. problematica from the 
Nunatami (gastropod zone ?) is of great interest, because it might 
suggest that the sea connection was still maintained through the 
Franklin channel, but this trilobite by itself is not sufficiently con- 
clusive evidence of the late Canadian submergence in the Arctic 
coast of North America. With pygidia only any generic determination 
of asaphids can hardly be warranted. Judging from the palaeogeo- 
graphy, however, it is not improbable that 2 species of Niobe from 
the Cape Weber formation in East Greenland are emigrants of the 
Ceratopyge fauna at the time of late Canadian inundation. 

Actinopeltis and Ceratopeltis are two aberrant trilobites indigenous 
to the Cape Weber sea. 

On the basis of the known facts it may be concluded that the 
submergence was extensive on the west side of Greenland in the 
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early Canadian, but on the east side after the middle Canadian 
emergence. The lack of Kainellia or Leiostegiwm in the Arctic region 
might be due to the emergence which had commenced already in the 
late Lower Canadian. 

The conclusion on the easterly shifting of the submerged terrain 
which took place on a grand scale in the circum-Arctic province from 
early Upper Cambrian to late Lower Ordovician becomes doubly 
interesaing for me when I recall its parallelism as seen in the history 
of the Dikelocephalidae. In 1936 I pointed out that the Upper Camb- 
rian Dikelocephalinae migrated easterly and developed into the 
Dikelokephalininae in the early Ordovician period. 

The sea connection at the time from Europe to Australasia and 
Eastern Asia through the Himalayan geosyncline has since been 
endorsed by more facts on Asaphopsis in Tasmania (KOBAYASHI, 1940), 
Tathungshania in New Zealand (1940) and other trilobites in China 
(1951). 

Because the center of distribution of the family was shifted in 
the same trend as the above mentioned migration of the submerged 
terrain, there may be a connection between these phenomena in the 
Arctic and Circum-Arctic regions. The non-ubiquity of epirogeny 
will be discussed further in the later sections. 


B. The Relation of the McKay Faunas to the Atlantic ones 


The classical zonation of the Cambro-Ordovician formation in 
northern Europe can be applied to the contemporary in the eastern 
maritime province of North America with the least modification. In 
the recent report by HUTCHINSON (1952), the Upper Cambrian and 
Lower Ordovician formations in Cape Breton are classified as below. 


Table 9. Zonation of the Upper Cambrian and 
Lower Ordovician Formations in Cape Breton 


Formation Zone Age 


| Tetragraptus | Arenigian 
McLeod Brook | Asaphellus-Shumardia 
| Peltura | Late and 
Mac Neil | Leptoplastus Middle 
| Parabolinella spinulosa | Olenidian 


Tremadocian 
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The contained fauna consists mainly of the Atlantic genera of 
the Olenidae and Asaphidae. Most of the species are identified with 
the European ones. Holasaphus and Sphaerophthalmoides are, how- 
ever, indigenous genera. The faunal relation to either the Croixian 


~or the Canadian ones is slight. 


Beyond the LoGAN’s line there is the North American province 
and its fauna is quite distinct from that of Cape Breton. Therefore 
SCHUCHERT considered that the northern Appalachian geosyncline was 
divided into the St. Lawrence geosyncline on the northwest side and 
the Acadian geosyncline on the southeast side, intervened by the 
New Brunswick geanticline. GRABAU, BORN and some others pointed 
out that such an isthmus ran across the Atlantie during the Ordo- 
vician period or Eo-Palaeozoic era. With the recent discovery of 
fossils, however, it was proven that the metamorphosed axis of the 
north Appalachian folded mountains is composed mostly of the pre- 
Carboniferous Palaeozoic rocks. 

In the Trondheim district in Norway HOLTEDAHL (1938) and VOGT 
(1945) have distinguished three important phases in the prorogeny of 
the Caledonian cycle, namely the Trondheim, Ekne and Horg distur- 
bances which took place respectively in the late Arenigian age, 
Caradocio-Ashigillian interval and in the early Llandovery age. The 
symphathetic movement of the Trondheim phase is suggested in the 
northern Appalachians by the fact that the Cambro-Ordovician 
sequence terminates in Nova Scotia before the Llanvirnian. The up- 
heavals of the northern Appalachians which yielded the Bald Eagle 
and Shawang conglomerates on the west side of the elevating land 


-are roughly coeval with the Ekne and Horg disturbances respectively. 


The peculiar Nappe-like structure of the Green mountains was the 
product of the Taconic disturbance in which these phases of crustal 
deformations are incooperated. 

In the southern Appalachians it is difficult to point out the 
boundary between the Gotlandian and Devonian systems in their 
continuous section. There is no Caledonian discordance in the Ap- 
palachians except Newfoundland where some influence of the Caledonian 
orogeny in the pre-Downtonian ardennische Phase or pre-Devonian 
erische Phase is recognized. The Acadian disturbance by which the 
Catskill delta was produced in New York was undoubtedly the 
paroxysmal phase in the development of the northern Appalachian 
geosyncline. 
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It is questionable whether the axial anticline was so much 
dissected in the prorogenic stage that it could be the main source of 
terrigenous material in the geosyncline*. On the other hand it is 
quite evident that such an embryonic fold was a barrier for migra- 
tion. If it was an insular are like the Japanese islands, the difference 
as seen between the warm Kuroshiwo and the cold Oyashio fauna 
can be expected on the two sides. In fact such a difference is 
clearly shown between the Canadian and the Tremadocio-Arenigian 
faunas in Northern Europe. 

If the axial anticline becomes a chain of submarine banks, the 
faunal difference will not be so well marked between the two sides. 
It will be the case that the North American elements were mixed 
with the European fauna at Girvan in Southern Scotland or at 
Tremore in Southeast Ireland (STUBBLEFIELD, 1939). In the later 
Ordovician period some actinoceroids had chances to migrate as far as 
Esthonia (TROEDSSON, 1926, 28, TEICHERT, 1930). 

With regard to the tectonic position as well as the faunal boundary 
the Moine thrust in Northern Scotland is comparable to the LOGAN’s 
line in eastern North America. In spite of the tremendous distance 
over the Atlantic ocean the faunas in the caleareous veneers on the 
Laurentian and Lewinsian lands are astonishingly similar to each 
other. The Canadian faunas in the Durness limestone or in smdla 
island are quite distinct from the contemporaneous ones in Europe, 
even when compared with the neritic ones in limestone facies in the 
Baltic region or even in the Oslo area, notwithstanding the fact that 
the horizontal distance through the metamorphosed axis is not great. 

These tectonic lines were a barrier for stratigraphers in correlat- 
ing the North American sequence to the classical one in Northern 
Europe. The sediments of carbonates in the southern Appalachians, 
Ozark dome and the Cordilleran region were so monotonous that the 
systematic boundary between the Cambrian and Ordovician was not 
easy to be drawn. It was thick enough for ULRICH to propose 
“ Ozarkian system” for this part of the Eo-Palaeozoic formation. In 
North America where the extensive Croixian transgression was 
followed by the Canadian one the neritic fauna has developed much 
more than in Europe. Not only in trilobites but also in brachiopods, 
gastropods and cephalopods greater varieties are met with in the 


* A cycle of orogeny is classified into three stages, namely prorogeny, euorogeny, 
and metaorogeny. (KOBAYASHI, 1952). \ 
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Canadian fauna than in the Tremadocian and Arenigian faunas, as 
shown by ULRICH and his cooperators. The late Croixian and early 
Canadian ones were combined by ULRICH in his Ozarkian fauna. 

In taking the Conchostraca for example (KOBAYASHI, 1954), I 
~ have illustrated recently how forcefully orogeny controls the develop- 
ment of land life. Likewise, the rise and fall of marine life is 
controlled by epirogeny. I think that the difference in the develop- 
ment of marine life between Europe and North America depends 
upon the difference of epirogeny between the two continents, because 
this conclusion exactly matches with the known facts in stratigraphy. 

The Laurentian Kraton was a land in the early and middle 
Cambrian periods, but subsequently tilted down on its south side 
with the result that the Croixian sea flooded over the flat land as 
far as the great lake district. The pre-Canadian emergence was 
incomparable with the pre-Chazyan one in magnitude. In consequence 
the stratigraphic break between the Cambrian and Ordovician systems 
becomes so slight that it allows ULRICH’S proposal of Ozarkian system 
for the transitional part. 

In the Fenno-Russian Kraton on the contrary, the transgression 
was begun at the Lower Cambrian. The Paradoxidio-Olenidian 
Alaunschiefer is an extensive blanket on the Baltic shield. There is 
however the pre-Tremadocian break in the Baltic region which be- 
comes larger toward the east till at length in Esthonia the Obolus 
appolinista sandstone at the base of the Ordovician rests directly on 
the Lower Cambrian Hophyton sandstone. This unconformity indicates 
a tilting of the Kraton which took place gradually but on a grand 
scale. From the Tremadocian the submergence was renewed and 
continued through the Ordovician. Accordingly the region was 
covered by another veneer of sediment. Thus epirogenic movements 
in these periods are utterly disharmonic and alternate more or less 
between Laurentia and Fenno-Russia which are the two best known 
Kratons. 

HAvuG was the person who pointed out the reciprocal relation of 
epirogeny between the Kraton and geosyncline. His hyposthesis 
appear to support the fact that while the pre-Tremadocian emergence 
is well marked in the Baltic region which belongs to the Fenno- 
Russian Kraton, the Olenidian is represented by the thick Lingula 
Flags in Britain which belong to the Caledonian geosyncline. Because 
it is generally overlain by the Tremadoe and the more persistent 
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discordance is found there at the base of the Arenig, the Tremadoc 
series has been included in the Cambrian system in this country. The 
submergence of the geosyncline reciprocal to the emergence of the 
Kraton or vice versa,—if this hypothesis is borne out by sufficient 
number of facts—, must be a factor of prime importance in the 
evolution and revolution of marine life, because the geosyncline 
provides the high way for its migration and the epicontinental sea 
is where it flourishes. 

After Parabolinella evansi had been described from British 
Columbia (KOBAYASHI, 1936), Glyptagnostus, Parabolinella and other 
Atlantic elements were reported to occur at some places in North 
America, as recently summarized by WILSON (1954). The distribution 
map he prepared shows that the Atlantic elements are distributed 
mostly in the Appalachian, Ouachita and Cordilleran geosynclines on 
their oceanic sides whereas the North American fauna has flourished 
in their continental side as well as in the epicontinental sea. 

The exotic elements are contained commonly in black mud which 
facies resembles graptolite shales in lithology. RUEDEMANN (1984) 
compared the biocoenosis of the graptolite shales or his pure grap- 
tolite shales to that of the present Sargass sea which is a sea-meadow 
where microrganisms are thriving. There may be macrorganisms 
which prey on them or seek to find shelter. The large ones are nek- 
tons, but the small ones are epiplanktons or paraplanktons. I wish 
to propose the latter term for such organisms as trilobites, eurypterids 
and crustaceans, all without sessil organ, which are vagrant or 
swimming in the sea-meadow and at the same time floating as far 
as the current takes them. The discontinuous distribution of pelagic 
forms is, I think, due much to their paraplanktonic habit. The 
Parabolinella fauna of Purmamarea in Argentina which will be 
discussed in the next sectio# is in my opinion, mostly composed of 
such paraplaktons. 

Because the exotic elements are keys to the interprovincial 
correlation, it will be of special value, if any Atlantic element is 
found in the Canadian sediments. It was as early as 1877 that WHITE 
described Megalaspis belemnurus. The generic name suggests its 
being a Baltic trilobite, but it is known now to be the type species 
of Xenostegium. In his paper on the Ceratopygekalk, BROGGER (1896) 
has pointed out that Dicellocephalus finalis WALCOTT is Apatokephalus 
which was thought then to be a characteristic genus of the Cera- 
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topyge fauna. Later, however, jinalis was selected by RAYMOND 
(1937) for the type of Diplapatokephalus which is indigenous to 
North America and Apatokephalus is known now as a cosmpolitan 
genus. In 1921 WaLcotTT described Ceratopyge canadensis from the 
Goodsir formation in British Columbia, but as pointed out by Ray- 
MOND (1982), it is congeneric with Housia varro. 

In discussing the Ceratopyge fauna in western North America 
RAYMOND called attention to the inclusion of Symphysurus and 
Hemigyraspis in the Canadian fauna, but they were found later to 
be distinct from the suggested genera and Symphysurina and Bellefontia 
were instituted by ULRIcH for them (1924). No trilobite has as yet 
been discovered from the Canadian sediments which can safely be 
referred to Ceratopyge, Niobe or Euloma, although Pareuloma from 
Newfoundland (RASETTI, 1954) and Hulomelia from British Columbia 
appear to be related to Huloma closely. 

For the interprovincial correlation, especially interesting is the 
faunule of the Symphysurina limestone from loc. 19. It contains 
Parabolinella bisulcatus in addition to Jujuyaspis borealis and Sphaero- 
phthalmella inexpectans, all of which are derivatives of the Olenidae. 
Eobucania pulchra also contained in this faunule reveals the typical 
aspect of the Bucaniidae which are unknown from the Cambrian 
sediments (WENZ, 19388). 

In Sweden Parabolinella appears in the subzone with Peltura 
scaraboeoides acutidens and P. minor of the Peltura, Sphaerophthalmus 
and Ctenopyge zone (5,) (WESTERGARD, 1922), and persisted through 
the Ceratopyge stage from the Dictyograptus zone to the Apatokephalus 
zone. In the Mjdsen district, Norway, it survived no longer than the 
Ceratopyge shale (8,,). Jujuyaspis is an important member of the 
Parabolinella shale in Argentina. Therefore the coexistence of Sym- 
physurina, Parabolinella and Jujuyaspis would be proof of the 
synchronism of the lowest Canadian to the lower Tremadocian and 
also the Parabolinella shale of Northern Argentina. 

Peltura pacifica which occurs at locs. 9 and 20 is another emig- 
rant from the Atlantic province. In Sweden Peltwra appeared almost 
simultaneously with Parabolinella. If the “ Peltwra” punctata beds in 
Carmarthenshire which contains a relict Tremadoe fauna in the 
Arenig shaly facies is excluded, the vertical range of Peltwra in 
Northern Europe does not extend beyond the Tremadocian. In the 
Mj¢sen district, it dies out in the 3,, stage, i.e. the lower division of 
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the Ceratopyge shale. Because pacifica is found associated with an 
indeterminable Nileidae at loc. 9 and with Apatokephalus and two 
asaphids at loc. 20, the age of the faunule must be early Ordovician. 
Therefore this can be said to be another fact bearing on the correla- 
tion of the Tremadocian to the lower Canadian. 

In my opinion Cyrtometopus primigenius ANGELIN from the 
Apatokephalus and Shumardia zones in Sweden is the typical member 
of Protopliomerops. As it is a late Tremadocian species, it is older 
than those of the genus in western North America. Several species 
of Protopliomerops are known from the G, zone of the Garden City, 
‘from the G, to H zones of the Pogonip and in the McKay group in 
which it is accompanied by Kirkella. They as a whole reveal a 
greater development of the genus in the Cordilleran trough after 
primigentus died out in the Baltic region. 

A few words are added here to Macropyge and Asaphelina, al- 
though they are not known from the McKay group. The former 
genus was established on the basis of M. chremi from the Shineton 
shale. M. gradiator from the G, zone of the Garden City is a little 
younger than the British Tremadocian species. 

Asaphelina (?) sp. was collected by Ross at Twin Bridges Dugway 
in Long Canyon, Utah in a black shale which contains graptolites 
probably younger than the Schaghticoke fauna. Ross states that 
Receptaculites is abundant immediately above the graptolite shale. 
Incidentally it is known in the Pogonip that Receptaculites is common in 
the M zone. It is unfortunate that the cephalon of the trilobite in 
question is unknown, but the great similarity of the other parts of 
the trilobite to Asaphelina barroist can hardly be overlooked. This 
occurs commonly in the upper Tremadocian and rarely in the lower 
Arenigian in Southern France. 

From the above statement it may be understood that Proto- 
pliomerops, Macropyge and probably Asaphelina (?) in the Cordilleran 
province are all homotaxial to those in Northern or Southern Europe. 

Finally the find of Telephus at loc. 10 is extraordinarily interest- 
ing because the known distribution of the genus extends from the 
Southern Appalachians into Scandinavia and Bohemia through Quebec, 
Newfoundland and the Scotts-Irish area. In Europe it occurs in the 
Ordovician sediments, Llandeilian and younger. In Newfoundland it 
is known from the N and P divisions. In the Southern Appalachians 
it is represented by many species from the upper Chazyan Blount 
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formation which includes the Tellico formation, Athens shale and 
Whitesburg limestone by ULRICH. 


C. The Relation of the, McKay Faunas to the Andean ones 


Parabolinella andenica and some other trilobites described from 
South America by Kayser, Hoek and LAKE revealed the Atlantic 
aspect of the Ko-Palaeozoic fauna, but there have been none typical 
of the North American fauna. Therefore I was struck by the find 
of Kainella which was collected by KrIDEL from Prairie Catamarca 
as well as Leiostegium and a hystricuroid procured by Brown from 
Cajas, Argentina (KOBAYASHI, 1934, 36). The coexistence of these 
trilobites shows that the South Andean fauna is invaluable in deter- 
mining the Cambro-Ordovician palaeogeography and interprovincial 
correlation. 

Stimulated by these discoveries I have carried out a revision on 
some old collections of the shelly faunas in the continent (1987). 
Subsequently the Lower Ordovician faunas of northern Argentina 
were investigated by HARRINGTON in great detail and the result was 
published in his monograph (1988). At that time our knowledge of 
the Cambrian faunas was still meager. Later, however, HARRINGTON 
and LEANZA (1948) have described Amecephalina, Eteraspis and 
Ehmania from Quebrada de Laja and Quebrada de Juan Pobra in San 
Juan province and pointed out the affinity of the faunule with the 
Maryville fauna of the late Albertan age. 

Another Middle Cambrian faunule which LEANZA (1947) described 
from Quebrada de San Isidro comprises Kootenia incerta (RUSCONI), 
Clavaspidella digesta LEANZA, Zacanthoides ferula LEANZA and Ame- 
cephalus mendozanus (RUSCONI) and bears also the Albertan aspect, 
but older than the preceding. 

The Cambrian fauna of South Andes was further amplified by 
Rusconi (1951, 52, 53) with the material from Mendoza region. A 
few of the significant members he described are as follows: 

1. Gontagnostus. 

2. Irvingellid. 

3. Hungaia (?) puelchana having two pairs of strong pits on the glabella and the 

eyes fairly apart from the glabella. 

4. Vinakainella closely related to Oryctocephalus. 

5. Chilometopus resembling Poliella. 


Thus the Cambrian fauna of the Southern Andes is closely 
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related to the Albertan and Croixian ones. Goniagnostus is, however, 
so far restricted to the Paradoxian (davidis and forchhammeri zones). 

My conclusion that the Lower Ordovician fauna of South America 
is an admixture between the Atlantic and North American elements 
was thoroughly endorsed by HARRINGTON. 

The Lower Ordovician fossils of North Argentina was classified 
by him into the following 5 assemblages :- 

Kayserasyis fauna-++--Lower Arenigian 

Triarthrus fauna 

Asaphellus fauna 

Parabolinella fauna 

Kainella fauna 

There is, however, no section where the superposition of the 
Asaphellus on the Parabolinella beds can be determined. After study- 
ing the correlation table given by HARRINGTON, I feel that more 
remains to be done in the field, before the faunal succession is 
thoroughly established stratigraphically. 

The Tremadocian fauna of Argentina comprising over 10 genera 
of the Olenidae is rich enough to be called “ Meta-Olenidian fauna.” 
in the Tremadocian epoch the center of distribution appears to have 
shifted from the Atlantic to the Southern Andean region where 
Olenus, Protopeltura, Parabolina and a few other relicts still survived. 
In addition there appeared such endemic genera as Jujuyaspis, 
Mekyrophyrs and so on. 

The Shumardiidae and Ceratopygidae are also well represented 
in the Andean fauna. The inclusion of Orometopus in it is indeed a 
remarkable fact, because insofar as Iam aware, the genus is typical 
of the true Tremadocian fauna. Apatokephalus is a cosmopolitan 
genus, but it is noteworthy that two species, serratus and dubius, are 
found in Argentina. 

Protopliomerops is represented there by two or three species 
one of which is identified with Baltic Cyrtometopus primigenius. In 
addition Metapilekia is known from the upper Tremadocian and 
Pilekia from the lower Arenigian. They as a whole are linked with 
the cheinuroids in western North America where they developed in 
the middle and upper Canadian. 

As links between the faunas of Americas the more important 
are Kainella, Leiostegium and Hystricurus all of which are unknown 
in the Atlantic province. The Kainellidae were not less developed in 


\Upper Tremadocian 


}Lower Tremadocian 
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South America than in North America. 

Leaving some endemic genera out of consideration, it can be ‘said 
with confidence that the fauna of the southern Andes is closer to the 
Tremadocian than to the lower Canadian fauna. 

The Kayseraspis fauna which HARRINGTON considered early Areni- 
gian is the next younger. Thysanopyge in it is an indigeneous genus. 
While Megalaspis suggests its connection with the Baltic fauna, 
Pilekia reveals its alliance to the North American one. It is worth 
while to note that there are some asaphids in the McKay group 
which look very similar to Kayseraspis, although the specimens at 
hand are too fragmentary to warrant the identification. 

In my opinion the Hoekaspis fauna is younger than the Kayse- 
raspis fauna and most probably late Arenigian in age. It contains 
Synhomalonotus (2?) pompeckjt and Trinucleus krugert which the latter 
is allied to Cryptolithus ornatus, a leading member of the Synhomalo- 
notus tristant fauna. Synhomalonotus is unknown in North America 
and Northern Europe, if its temporary invasion into Britain in the 
Arenig is overlooked. The tristant fauna has flourished in Southern 
HKurope as far as the transgression of Grés Armorican was expanded. 

As a result of studies of Gicoux (1951) it was found that the 
fauna is distributed further to the south into the Atlas in North 
Africa. 

I wish to call attention here to the fact that Lachnostoma (?) sp. 
from loc. 18 is allied to Lachnostoma on one side but to Hoekaspis on 
the other, although the true relationship must be decided with better 
material. 

Thus the Lower Ordovician faunas of the southern Andes are 
related to the Canadian ones in one way or another. It is, however, 
a remarkable distinction that Symphysurina which is prevalent in 
the Arcto-American province is totally absent in South America. The 
question then is whether the Kainella faunas of Americas are con- 
temporaneous with each other or whether the Kainella fauna in thesouth 
is contemporaneous with the Symphysurina fauna and homotaxial to 
the Kainella fauna in the north. At the same time my problem is 
whether the Parabolinella fauna is really younger than the Kainella 
fauna. 

Because I have not actually seen the fossil occurrence, I wish to 
look into the relation of the fauna to their mother rocks by my per- 
sonal observation on the old fossil collections and also from HARRINGTON’Ss 
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description. 

1. Most significant among various facies is the black shale or 
slate (Pizzara negra) containing Parabolinella, Jujuyaspis and other 
Olenidae as the leading components of the fauna; Dictyonema hap- 
pens to occur in them. The carbonaceous black shale of Purmamarca 
is the typical example. 

2. Dark gray or variegated shales containing the Parabolinella 
fauna with Pseudokainella or the Asaphellus fauna with Kainella. 

3. Kainella appears, however, more common in sandstones than 
in these shales. 

4. Limestones at Humahuaca and a few other places yield 
Letostegium and others, but Leiostegium is found also in sandstones. 

5. Cheiruroids are contained mostly in gray or vari-coloured 
shales and sandstones, upper Tremadocian or lower Arenigian. 

6. The Hoekaspis fauna which I described was in chocolate 
shales and red quartzite. H. schlafintweiti is described by HARRING- 
ton and LEANZA (1948) from a gray limestone in the Sierra de Zapla, 
Jujuy. 

In looking through these rocks and the contained faunas the 
fact that there is some parallelism between the lithofacies and the 
fossil-coenesis when limestone and varicoloured shales are interposed 
between sandstones and black shales must be acknowledged. There- 
fore it is probable that the difference among the four Tremadocian 
and two Arenigian faunas implies not only a time difference but also 
a difference of environment. Accordingly a fauna could be partially 
contemporaneou with another which is thought to be older or younger. 

In the Parabolinella shales the spiniferous Olenidae, in about 10 
species, are widely distributed and form the principal part of the 
fauna. Pseudokainella, also spiniferous, occurs at two localities, while 
Asaphellus and Illaenus are each found only at one locality. The 
other trilobites are Shumardia and Geragnostus, both small and 
cosmopolitan, Obolus, Lingula and Ctenodonta, one species in each 
genus, are found only in the Pizzara negra of the Rio Valcancito. 
Ctenodonta famatinensis is a diminitive form, 4.5mm. by 3.5mm. 
Two atremate brachiopods are listed but undescribed. Those with 
peduncles could have been epiplanktons and others paraplanktons 
as defined in the preceding section. Aithough Dictyonema is not 
always contained in the shales, I venture to say that like the pure 
graptolite shales, the Parabolinella-bearing black shales are probably 
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off-shore sediments. 

I once suggested late Upper Cambrian for the Parabolinella 
fauna, and it is really more related to the late Olenidian than to the 
Tremadocian fauna in the Atlantic province. In fact about a half of 
the Olenidae, namely Ctenopyge, Cyclognathus, Parabolina and Proto- 
peltura, are Olenidian genera unknown in the Tremadocian of Europe. 
Such Ordovician elements as Asaphellus and Iliaenus are rather 
accessories in the fauna. 

The Rio Voleancito in la Sierra de Famatina is the only place 
where the fauna is found together with the Kainella fauna. As it 
is such a crucial point it requires a reexamination of the zonation 
in Provinca of La Rioja. If the stratigraphic observation admits an 
upset of the zonation, it will be much easier to explain the change 
in the faunal aspect. If so modified, the Parabolinella zone in the 
south will be recognized to be an approximate equivalent to the 
Symphysurina zone. The tentative correlation is shown in table 10. 


Table 10. Correlation of the Ordovician Faunas in the McKay 
Group to the Fossil Zones in the South Andes. 


McKay Group. South Andes 


Kirkella fauna | Hoekaspis zone 


Kobayashia faunule | Kayseraspis zone 


spi ‘riarth 
Ozarkispira faunule Tri Tus zone 


Asaphellus zone 


Kainella fauna | Kainella zone 


Symphysurina fauna | Parabolinella zone 


As I have summarized in my monograph (1937), the shelly faunas 
are extensive in western and northern Argentina and in the southern 
plateau of Bolivia. Recently HARRINGTON and Kay (1951) reported 
the occurrences of the Cambro-Ordovician fossils from eastern Colum- 
bia as follows: 

1. Dichograptus-Tetragraptus shale (Arenigian) 
Megalaspis cfr. planilimbata shale (Upper Tremadocian) 


2 
3. Kainella limestone (lower Tremadocian) 
4. Hhmania limestone (upper Albertan) 


From the litho- and bio-facies GeRTH (1932) has classified the 
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Ordovician formations in South America into (1) the graptolite shale 
facies, (2) the mixed facies of shale and sandstone and (8) the lime- 
stone-dolomite facies. The best display of the graptolite facies is 
found in Peru (BULMAN, 1981). LEITH (1938) described Dicranograp- 
tus caparroensis, Cryptolithus terryi and a few other fossils from a 
metemorphosed shale of the Caparro-Bellavista series in the state of 
Barinas (i.e. Zamora) in the Venezuelan Andes and suggested the 
Normanskill-Glenkiln-Lower Hartfell time for the age of the faunule 
chiefly for the reason that the new graptolite is allied to Dicranograp- 
tus ramosus (HALL). Lately WHITTINGTON (1954) referred the trilobite 
to Onnia and noted the faunal connection from central Europe and 
North Africa to northern South America in the Middle Ordovician 
period. 

Because the Parabolinopsis-bearing black shale of Salitre aud the 
Parabolinella-bearing black shale of Purmamarca are similar to the 
graptolite shales in lithology, the line on which these points are 
connected with Zamora through eastern Peru may reveal the axis of 
the Andean geosyncline in the early Ordovician period. 

Because the trans-Atlantic elements are especially rich in the 
black mud facies, the axial zone of the geosyncline is thought to 
have been the route of their migration from Europe to the Andes. 
The Appalachian geosyncline must have been en route, because this 
kind of the fauna is known from Cape Breton. 

While the Andean fauna is allied to that of Northern Europe in 
the Tremadocian epoch, the late Arenigian Hoekaspis fauna is related 
to the Mediterranean fauna. With regard to such an Atlantic con- 
nection it is noteworthy that Colpocoryphe excul (WHITTINGTON, 1953) 
is described from the early Middle Ordovician rocks of Florida and 
the occurrences of Onnia reported from the Caradocian and (?) 
Llandeilian in Morroco. (TERMIERS, 1950). The question is, however, 
just where was the trans-Atlantic connection maintained at the time? 

Because of the common occurrence of Kainella and Leiostegiuwm 
it is undeniable that the Canadian sea was confluent with the Andean 
sea. The faunal affinity between the two sides can be seen regard- 
less of the facies and the connection was probably maintained even 
in the Hoekaspis hemera, if Lachnostom a (?) sp. is really related to 
Hoekaspis. 
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D. A brief Note on the Relation of the McKay Faunas 
to the Western Pacific ones 


This note is limited here to the extent that it is enough to 
analyse the MaKay fauna, because I expect to discuss the matter 
thoroughly with the Korean fauna at the focus, when the remaining 
part of my monograph on the Cambro-Ordovician faunas of South 
Korea is brought to completion. 

No Symphysurina has so far been found in Eastern Asia. Its 
resemblance to Tsinania may be superficial. As has been discussed 
elsewhere (1952), T’sinania is probably related to Mansuyia. Illaenurus 
ceres by MANSUY (1916, non WALCOTT), i.e. Dictyella (?) mansuyr 
KOBAYASHI has a pygidium of Symphysurina type, but the cranidium 
shows that it belongs to the Tsinanidae. Its age must be late Upper 
Cambrian because it occurs in association with Prosaukia angulata. 

As summarized in my recent paper (19538), the Kainellidae are 
well represented in Eastern Asia by several species in Kainella, 
Pseudokainella, Apatokephalus and Hukasawaia from South Korea in 
addition to Kainella primigena from the Sino-Tonkin border. Further- 
more it is noted here that Bathyurus jenchangensis CHANG (1949) from 
the Dictyonema-“ Asaphellus”’ zone of the Yehli formation in Kaiping 
basin, Hopeh has a cranidium which looks to me to be more similar to 
the Kainellidae, especially to Psewdokainella, than to the Bathynridae, 
although its illustration is not clear enough to be more definite. 

Hystricuroids are reported from the Yehli formation in Hopeh, 
Wuting formation in South Manchuria, (ENDO, 1935) and from the 
Clarkella zone in South Korea. 

In South Korea the Asaphellus zone is the lowest fossil zone of 
the Ordovician formation. The next is the Protopliomerops zone 
where Dikelokephalina and Apatokephalus were collected. The third 
is the Clarkella zone which contains Pomatotrema, Hystricurus and 
several Asaphidae resembling Megalaspis and “ Xenostegium.” Some 
of them look very similar to albertensis, douglasensis and euclides of 
Xenostegium, s.l., but none is sufficiently well preserved to permit 
an exact identification. “Plethopeltis” ulrichi is not Plethopeltis but 
belongs more probably to the Bathyuridae than to any other family. 
Leiostegioides is closely allied to Letostegium. It can safely be con- 
cluded that the Clarkella fauna is on the whole intimately related to 
the Canadian fauna. Finally, so far as the Ordovician trilobites are 
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concerned, the Australasian fauna is distinct from the North American 
one, but there is Carolinites. It was first described from Caroline 
Creek, near Latrobe, Mersey river distinct, in Tasmania (KOBAYASHI, 
1940), and later its occurrences were found in the Arenig of Ireland 
(STUBBLEFIELD, 1950), the J zone of the Garden City (Ross, 1951) 
and the F to the M zone of the Pogonip (HINTZE, 1952). Such a 
discontinuous distribution is extremely difficult to explain, unless 
more is learned of its occurrences. 


Chapter IV. 


Summary and Conclusion 


The part of Evans’ collection from the McKay group which is 
dealt with in this paper contains a copious Ordovician fauna in 
which trilobites are most abundant. The collection was made from 
various places in the Columbia river valley. Six fossil localities are 
in the McKay creek, 3 of which are exactly allocated in the type 
section and the horizons of the three others also suggested in 
table 2. 

Although little is known of the stratigraphic relation among the 
other localities, some ten assemblages can be distinguished in 
the Ordovician collection from the fossil association, namely, the 
Symphysurina fauna, Robsonoceras(?), Apatokephalus and Peltura 
faunules, Evansaspis-Kainella fauna, Lingukainella faunule, Ozarki- 
spira faunule, Kobayashia faunule, Kirkella-Protopliomerops fauna and 
the Telephus faunule. 

The time relation of these faunas is thought to be in the above 
mentioned order, because as shown in table 7, most of them can be 
correlated to the zones of the Pogonip and Garden City formations 
in Utah and Nevada with some accuracy. With the find of Telephus 
in the collection from loc. 10 it can be concluded with confindence 
that the top of the McKay group is as high as upper Chazyan. 

These faunas and faunules are tentatively correlated to the 
zones cited in EVANS’ report (1938) and shown in table 8. In my 
opinion all of the faunas except the Telephus faunule belong to the 
Canadian. The aspect of the Canadian faunas is, however, fairly 
different between those older and younger than the Ozarkispira 
faunule. It is especially remarkable that several relicts of the 
Cambrian trilobite families are contained in the older ones. Never- 
theless, the Symphysurina fauna which is the oldest of them, is not 
Cambrian, because the Asaphidae are usually well represented in 
the fauna which was distributed extensively in the Arcto-American 
province and because the typical Bucaniidae are included in the 
faunas of the McKay group and also of the Tribes Hill in New York. 
Therefore I do not hesitate to draw the systematic boundary within 
the Mons formation between the Briscoia and Symphysurina zones. 

We must not however, overlook the fact that the upper Croixian, 
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or the Briscoia zone was combined with the Canadian zones or beds 
in a stratigraphic unit called Mons. It means that there is no 
distinct change of lithology through the Mons. Likewise the 
systematic boundary appears to be not so sharp in the Pogonip 
group in Nevada because its lower part belongs to the Croixian. 

As may be understood from the ULRIcH’s proposal of the Ozarkian 
system, the emergence at the transition between the Cambrian and 
Ordovician periods was not great in North America on the whole. 
Marine life has flourished in the epeiric sea there much more than 
in Europe. A greater variety of relicts which are thought to belong 
to the Cambrian trilobite families survived. The Solenopleuridae 
rejuvenated yielding various kinds of hystricuroids. Several genera 
of the Asaphidae which are characteristic of North America also 
appeared. In the wealth of brachiopods, gastropods and cephalopods 
the Canadian fauna far exceeds the contemporaneous fauna in 
Europe. It is not too much to say that the history of organic 
evolution in this part of the Ordovician period is better recorded in 
the Canadian than in any classical section in Northern Europe. From 
this viewpoint an intensive research in the McKay group or the 
Mons formation in which the Canadian is combined with the Upper 
Croixian is of special value. 

From the standpoint of distribution the Canadian trilobites in 
the McKay group may be classified as follows: 

1. Cosmopolitan genera or genera distributed widely in many 
provinces. 

2. Genera of interprovincial distribution or those distributed in 
two or a few neighbouring provinces. 

3. Provincial genera or those prevalent in a province. - 

4, Local genera or those indigenous to a small restricted part 
of a province. 

For example Apatokephalus is a cosmopolitan, but the distribution 
of Diplapatokephalus is restricted to North America. Symphysurina 
and Leiostegium are two interprovincial genera, but the former is 
distributed from North America to the Arctic province, whereas the 
latter is spread from North America into the Andean province. The 
widely distributing ones are, if their vertical range is limited, very 
important for the interprovincial correlation and those of the Olenidae 
especially important for the correlation of any sequence to the 
classical one in Northern Europe. Therefore the finding of such 
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genera as Parabolinella and Peltura is an invaluable factor in 
determining the age of the McKay group. In view of the inclusion 
of these olenids and also of the Cambrian relicts, 1 think it appro- 
priate to correlate the Canadian faunas older or younger than the 
Ozarkispira faunule to the Tremadocian or Arenigian respectively. 

Some of the interprovincial genera are short ranged, but some 
others are long ranged. When the latter kind of trilobites develop 
in a region after declining in another, the trilobites in the two regions 
are homotaxial, instead of synchronous. It is the relation of Proto- 
pliomerops in the Cordilleran province to that of Scandinavia. 

Insofar as the prosperity is judged from the number of genera, 
it is a striking fact that the Olenidae have flourished in the early 
Tremadocian epoch more in the Andean province than in the Atlantic 
provenance. In my opinion the Parabolinelia shale in North Argentina 
is probably equivalent to the Symphysurina limestone of the McKay 
group not only because Jujuyaspis occurs in both of them but also 
because the two agree in the inclusion of Cambrian relicts. The 
Kainella fauna of Americas are accordingly nearly contemporaneous 
with each other. The Caledonian and Appalachian geosynclines are 
thought to have been the highway for the Olenidae to migrate 
into these provinces. There the emigrants of the family developed 
endemically. Mekyrophrys and Sphaerophthalmella are examples of 
such local genera born respectively in the southern Andean or the 
northern Cordilleran region. 

As has been noted elsewhere, the center of distribution of the 
Dikelocephalidae was shifted easterly. It was an Asiatic-North 
American family in the late Cambrian, but became a_ western 
Pacific-European one in the early Ordovician period. It is an 
interesting coincidence that the distribution center of the Leiostegiidae 
was shifted in the same trend simultaneously. In the early Upper 
Cambrian period the Koldinia fauna was in Northern Eurasia and 
the Chuangia fauna was spread in Southern and Eastern Asia, while 
in the Lower Ordovician Leiostegiwm was distributed widely in North 
and South America. Letostegium is linked with Chuangia by Chuan- 
gtella in the Briscoia fauna of Alaska. 

I wish here to call attention to the fact that the marine trans- 
gression has shifted easterly from one region to another in the 
Arctic province as clearly demonstrated by fossil evidence. It has 
taken place simultaneously with the easterly shifting of these 
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families. Is such a coincidence merely accidental ? 

Of course much still remains to be learned of the behaviour of 
the earth movements that are termed orogeny and epirogeny before 
their habits can be theorized. It is, however, readily proven in 
Eurasia that the former is not ubiquitous. Namely, the cycles of 
the Caledonian and Variscan orogenies have taken place on the west 
side of Eurasia during the Palaeozoic era. The Mesozoic was more 
quiet in Europe, although the post-Permian movements are grouped 
in the Alpine cycle of orogeny by STILLE. The reverse is the case 
in Eastern Asia. The Mesozoic was a much more mobile period than 
the Palaeozoic. In the Japanese and other festoon islands the Permo- 
Triassic cycle of the Akiyoshi orogeny ond the Jurasso-Cretaceous 
cycle of the Sakawa orogeny took place (KOBAYASHI, 1941). Their 
paroxysma were in the middle Triassic and in the early Cretaceous. 
Almost simultaneously with these movements the Chinese Heterogen 
was strongly disturbed. These disturbances are called Shorin and 
Yenshan (KOBAYASHI, 1958). 

The rise and fall of life are inseparable from the movements of 
the crust on which it flourishes. Land life is more related to the 
orogeny than to the epirogeny and the reverse is the case of marine 
life. Taking the Conchostraca for an example, I have recently 
demonstrated how close mutual relation is (KOBAYASHI, 1954). They 
are really Palaeozoic Crustaceans in Europe but Mesozoic ones in Asia. 
This is because the center of the distribution was shifted from the 
west to the east, caused by the shifting of the orogenic cycle from 
the Caledonio-Variscan to the Akiyoshi-Sakawa. It is quite probable 
that the shifting of the distribution-center seen in the two trilobite 
families is related intimately to the shifting of epirogeny clearly seen 
in the Arctic province. 

The typical epirogeny or the epirogeny in the strict sense is a 
erustal movement which takes place on the Megakraton through a 
prolonged geological period. Because of its slowness and extensiveness 
it is very difficult to point out the epochs of the maximum emergence 
and submergence. Therefore any conclusion deduced for the epirogeny 
can easily fall into fallacy, unless the zonation in each province is 
done with great accuracy and such zones obtained from various 
provinces are correctly correlated with one another. 

A comparison of the Cambro-Ordovician history between Laurentia 
and Fenno-Russia, however, has shown that the epirogeny in dishar- 


402 T. KOBAYASHI 


monic and more or less alternating between them. The crustal 
movement is also disharmonic or more or less reciprocal between the 
Fenno-Russsian Kraton and the Caledonian geosyncline. 

Because the boundary of a period or an era is marked off by a 
revolution of marine life on a world-wide scale, epirogeny which 
causes such a revolution must be also ubiquitous, but epirogeny may 
not be literally ubiquitous, if it is examined with great accuracy. 
The relation of the epirogeny in the Kraton to the cycle of orogeny 
in the geosyncline may be more complicated. The evolution and 
revolution of the biosphere which depend upon the multiple factors 
of the bios in themselves as well as various geological phenomena 
are far more complicated. Nevertheless it is interesting to see a 
certain parallelism between the epirogeny and the development of 
marine life. 


Chapter V. 


Description of Fossils 


Putting aside brachiopods* and graptolites there are some 70 
Ordovician forms in Evang’ collection from the McKay group in British 
Columbia, most of which belong to Trilobita, but a part to Mollusca. 
About a third of them is, however, so poorly preserved that no exact 
identification can be made. There are some 40 new species which are 
described in this paper. The followings are new genera, subgenera 
and subfamilies which are instituted on this occasion. 

Symphysurininae, nov. in Asaphidae BURMEISTER 

Eulominae, nov. in Ptychoparidae MATTHEW 

Eobucania, nov. (Type species: Hobucania pulchra, nov.) 

Evansaspis, new subgenus of Leiostegium, (Leiostegium (Evan- 
saspis) glabrum, nov.) 

Columbicephalus, nov. (Columbicephalus macrops, nov.) 

Gonioteloides, nov. (Gonioteloides monoceros, nov.) 

Eulomella, nov. (Hulomella mckayensis, nov.) 

Neotaenicephalus, nov. (Neotaenicephalus obsoleta, nov.) 

Vermilionites, nov. (Vermilionites bisulcatus, nov.) 


* Dr. G. Arthur CooPER of the U. S. National Museum, Washington, D. C. has kindly 
examined the brachiopods in EVANS’ collection and informed me of the following result 
for which I am very grateful. The trilobite fauna at each locality is cited in the list in 
brackets according to my classification. 

Loc. 2=Lower Canadian=Mons. (Kainella-Hvansaspis faunule). 
Syntrophina convexa KINDLE 
Finkelnburgia sp. 

Loc. 4=Upper Cambrian or Lower Canadian. (Asaphid faunule). 
Obolus sp. 

Loc. 16=Age? (Symphysurina faunule). 
Lingulella ? sp. 

Loc. 17=Upper Canadian. (Kirkella-Protopliomerops faunule). 
Archaeorthis ? sp. 

Loc. 21=Upper Canadian. (Kirkella-Protopliomerops faunule). 
Archaeorthis sp. 

Loc. 22=High Cambrian or Low Canadian, probably the latter, (Symphysurina faunule), 
Apheoorthis sp. 

Loc. 23=Lower Canadian=Nanorthis zone=Mons. (Symphysurina faunule). 
Nanorthis putilla (WALCOTT) 

Loc. 24=Lower Canadian=Mons. (Symphysurina faunule). 
Glyptotrophia jasperensis (KINDLE) 
Apheoorthis ocha (WALCOTT) 
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Metabowmania, nov. (Metabowmania latilimbata, nov.) 
Macroculites, nov. (Macroculites enigmaticus, nov.) 
Sphaerophthalmella, nov. (Sphaerophthalmella inexpectans, nov.) 
Lunacrania, nov. (Lunacrania trisecta, nov.) 

Rhamphopyge, nov. (Rhamphopyge altipolum, nov.) 
Neoagnostus, nov. (Neoagnostus aspidoides, nov.) 

Hyperagnostus, nov. (Hyperagnostus binodosus, nov.) 


Phylum Mollusca 
Class Gastropoda 


Beside those below described there are an indeterminable form 
from loc. 5 and another from loc. 13 in the collection at hand. 


Genus Hobucania KOBAYASHI, new genus 


Diagnosis:—Spire composed of a few volutions, plani-spiral, closely 
coiling and rapidly expanding; slit-band only slightly elevated and 
carinated on each side; dorsal lip sinuated forming an acute V; last 
whorl somewhat flared near the apertural margin; surface marked 
with transversal, non-lamellose, fine numerous striae. 

Type species:—Hobucania pulchra KOBAYASHI, new species. 

Remark:—This genus is considered to be a member of the family, 
Bucaniidae ULRICH and SCOFIELD. It is similar to Zonidiscus SPITZ 
of which Cyrtolites discus LINDSTROM (1884) is the type, but the 
growth of the shell is more rapid. Its whorl is not so compressed 
and its dorsal side not so much protruded along the slit-band as in 
that genus. 

Distribution:—Lower Ordovician; western Canada. 


Kobucania pulchra KOBAYASHI, new species. 
Plate I, figures la-f. 


Description :—Spire composed of two or more volutions which are 
just in contact with one another and very rapidly expanding; slit- 
band a little concave, narrow, slightly elevated and sharply defined 
by a narrow carina on each side; flank gently convex as far as an 
obtuse lateral angulation where the whorl is broadest ; then the flank 
inclined toward the umbilicus with stronger convexity; striae on the 
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surface fine, dense, numerous, somewhat wavy, and remarkably arcute 
with convexity on the adoral side; their intervals nearly as wide as 
the striae; on the slit-band the striae convex toward the apex; shell 
somewhat flared near the aperture; oral margin parallel to the striae 
except the dorsol lip where the margin is deeply incised in form of V. 

Observation :—Due to secondary deformation a flank not illustrated 
is partly broken and depressed. The position and strength of the 
lateral angulation are also somewhat different between the two sides. 
Judging from the slight flaring near the aperture, this is undoubtedly 
a grown form, if not a full-grown one. 

Comparison:—This species resembles Bucania cyrtoglypta HAR- 
RINGTON (1938). In that species, however, the spire is composed of 
3 or 4 volutions and the ridges on the flanks are much coarser than 
the striae and not so densely distributed as in this species. The 
slit-band appears somewhat. broader and the whorl section more 
rounded in that than in this species. 

In the whorl! section and fine ornamentation its similarity with 
Bellerophon subovatus CLELAND (1909), from the Tribes Hill of New 
York is so great that the two are thought to be possibly congeneric. 
Unfortunately, however, the rough sketch and brief description of 
B. subovatus do not admit any precise comparison. 

Bellerophon(?) norvegicus BROGGER (1882) from the lower Ceratopyge- 
kalk (3,,) looks also very similar to this in the lateral view, but the 
sinus is shallower and the slit-band not so well developed as in this 
species. 

Occurrence :—The holotype from loc. 19; a specimen from loc. 18. 


Genus Raphistomina ULRICH and SCOFIELD, 1897 
Raphistomina sinclairensis KOBAYASHI, new species 


Plate I, figures 2a—c, 3. 


Description :—Shell discoidal; spire very low, composed of 4 or 
more volutions, dextral when seen from the flat side; whorl section 
sublenticular ; top plane slightly convex, a little depressed along the 
suture below the plane of the preceding volution; periphery acutely 
angulate; lower wall much more steeply inclined on the umbilical 
than on the other side; umbilical wall subvertical; umbilicus very 
deep and half as wide as the last whorl. 
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The upper wall is a little more convex in the inner than in the 
outer volution. The largest specimen has the diameter of 24mm. 

Comparison:—There are four specimens from loc. 5, but none 
_ shows growth lines. In some of them a narrow depressed band is 
seen along the periphery of the lasl whorl. 

Raphistoma lapicida SALTER and Rotellomphalus tardus PERNER 
are the type species respectively of Raphistomina ULRICH and 
SCOFIELD, 1897, and Rotellomphalus PERNER, 1908, and the latter genus 
considered a synonym of the former by SHIMER and SHROCK (1947). 
This species is very similar to them and intermediate between them 
in the expansion of the spire. The umbilicus appears broader in this 
than in lapicida. The peripheral band is not so clearly seen in these 
species. 

Like this species Raphistoma parvum STAUFFER (19387) from the 
Shakopee dolomite in Minnesota has a very low spire. It coils more 
rapidly and has 4 or 5 volutions notwithstanding that its diameter is 
a fifth or so of this species. Raphistomina latiumbilicata POULSEN 
(1927) from the Nunatami formation of Northwest Greenland is quite 
distinct from this species in the much broader umbilicus and the 
median angulation on the lower side. 

Occurrence :—Loc. 5. 


Raphistomina sinclatrensis var. acuta KOBAYASHI, new variety 
Plate I, figures 4a—b. 
There are three specimens from loc. 2 which are closely allied to 
the preceding but the peripheral angle is evidently sharper and the 
convexity of the basal plane quite reduced. Such a form is here 


distinguished from the preceding as a variety, acuta. 
Occurrence :—Loc. 2. 


Genus Burnesella BRIDGE and CLOUD, 1947 
Burnesella tympama KOBAYASHI, new species. 
Plate I, figures 5a~c. 
Description :—Shell medium in size, discoidal with a nearly flat 


base; spire planispiral, a little depressed and composed of 4 or more 
volutions; whorl subquadrate in cross section; upper wall slightly 
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concave, elevating toward a prominent but round topped peripheral 
carina; outer wall gently convex, steeply slant and abruptly bent 
inward near the base; basal wall also gently convex and more or less 
inclined inward; umbilicus large, wide open and slightly depressed ; 
suture deep; aperture sinuate in form of V; surface smooth. 

Observation :—This is represented by a specimen, 17.5mm in 
diameter and 6mm high near the aperture. Although the apertural 
margin is partly broken, it is seen that the outer lip is gently inclined 
from the carina with upward convexity. The apertural margin is 
most protruded near the transition from the outer to the basal wall. 
Then the margin becomes concave backward and more advanced near 
the suture than on the other side. The carina is shifted a little 
inward from the aperture through the last volution. The preservation 
of growth lines is poor. 

Comparison:—The spire of this species is not so much sunken 
as in Lecanospira, but not terraced as in typical Helicotoma. The 
type species of the latter genus is Helicotoma planulata SALTER with 
which this agrees well in the whorl section, apertural outline and 
other aspects. The umbilicus is, however, very narrow and deep in 
SALTER’s and many other species of Helicotoma, while the early 
volutions are well exposed and not much sunken below the level of 
the ultimate whorl in this species. Helicotoma umbilicata ULRICH and 
SCOFIELD has also the umbilicus widely open, but in most other 
aspects it fits better with Helicotoma than Burnesella. In Helicotoma 
the spire is generally more rapidly expanding than in this species. 

Euomphalus uniangulatus HALL which was referred to Helzcotoma 
by SALTER and later authors, is similar to this species, but its spire 
coils more rapidly and the whorl section more rounded (CLOUD and 
BARNES, 1948) in comparison with this species. Helicotoma cfr. 
uniangulata by POULSEN from the Cape Clay formation of NW Green- 
land (1924) is more closely coiling than the typical wniangulata and 
may be allied to this species. 

Burnesella lecanospiroides BRIDGES and CLOUD is the type species 
of Burnesella with which this species agrees in most characters, but 
the carina is submedian and inner slope thence steeper in that species. 
Accordingly the whorl section is subtriangular in that whereas it is 
subquadrate in this species. 

Occurrence :—Loc. 17. 
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Genus Ozarkispira WALcoTT, 1924, non ULRICH and BRIDGE, 1931 
Ozarkispira leo WALCOTT 


Plate I, figures 6a-c. 


1924. Ozarkispira leo WALCOTT, Smithsonian Misc. Coll. Vol. 57, p. 37, fig. 6. 
1941. Ozarkispira leo KNIGHT, Geol. Soc. Am. Sp- Pap. No. 32, p. 224, pl. 18, figs. 
la-c. 

The spire of the best preserved specimen in this collection is 
more or less elliptical, due to secondary lateral compression. Otherwise 
it agrees with the precise description of this species given by KNIGHT. 

The spire of the specimen is composed of 6 or more volutions. 
The diameter of the shell through the apertural end measures 
11.5mm. while another diameter rectangular to it is 12.2mm. It is 
no better preserved to add any fresh observation to the specific 
description. 

Occurrence :—Common at loc. 6. A specimen therefrom is well 
preserved. WALCOTT’s holotype from the Mons in Alberta. According 
to KNIGHT Raphistoma rotuliformis MEEK (1870) from the Pogonip 
in Utah is probably identical with this species. 


Ozarkispira sp. indet. 


A fragmentary gastropod from loc. 7 is probaly congeneric with 
O. leo because it has a low spire and rhombic whorl section, but they 
are specifically different. The spire is expanding more rapidly in this 
than in that species, and accordingly the last whorl is proportionally 
broad in this species. 

Occurrence :—Loc. 7. 


Genus Lytospira KOKEN, 1896 
Lytospira mediosulcata KOBAYASHI, new species. 


Plate I, figures 7a~c. 


Description:—Shell small, nearly planispiral and loosely coiling ; 
upper wall slightly ascending through growth and the lower one 
descending in a greater degree; whorl section subcireular, a little 
broader than high; upper wall less convex than the others, but 
abruptly rounded on the two sides; median groove relatively broad 
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and shallow, provided with a blunt ridge on each side and running 
a little interior to the middle of the flattened upper wall; apical end 
of the type specimen abruptly rounded off, showing that the shell is 
septate in the adapical portion; growth lines sinuated on the median 
groove; surface smooth. 

Comparison:—Due to the flattenning of the upper plane the 
section of the whorl looks somewhat triangular, but the remaining 
part is well rounded. This species has the mesial groove on the top 
plane but no crest along the outer periphery of the upper wall as 
seen in Eccultomphalus or Ecciliopteris. In Huomphalus angelini 
LINDSTROM (1884) which is the type of Lytospira the surface is lamellose 
and the upper wall angulated mesially. In this species there is a 
groove in place ot the ridge, on the upper surface which is flattened 
in the vicinity of the groove, while the two sides of the angulation 
are sloping down in that species. 

Liomphalus CHAPMAN (1916) is similar to Lytospira with which 
SHIMER and SHROCK synonymized it. Liomphalus australis CHAPMAN 
is its type having a smooth surface and a subovate to rhomboidal 
whorl section. The mesial groove with an obtuse ridge on each side 
is the most distinguishing characteristic of this genus. 

Occurrence :—Loc. 6. 


Class Cephalopoda 
Order Nautiloidea 


Family Robsonoceratidae ULRICH, FOERSTE, MILLER 
and UNKELSBAY, 1944. 


_ Genus Robsonoceras ULRICH and FOERSTE, 1986. 
Robsonoceras sp. 


Plate I, Figures 8a—c 


Pragmacone orthoconic longicone, very slowly tapering ; 6 camerae 
countable in the length of 7.2mm.; cross section almost a circle, 
5mm. in diameter at the adapical end of the specimen; siphuncle 
marginal, also circular in cross section, about 1mm. in diameter at 
the same point; septal sutures straight and nearly horizontal, but a 
little inclined toward the antisiphonal side. 

When the shell and matrix are taken off, it is clearly seen that 
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the septal sutures run parallel to each other on the two sides of this 
narrow contact plane. Therefore it is understood that the siphuncle 
was directly in contact with the shell. 

The siphonal margin of the conch was polished a little but no 
diaphragm was found in the siphucle. The septa are not well pre- 
served, but appear to be holochoanoidal. It is obvious in the 
longitudinal section that the septa are convex inward near the neck 
and more or less concave in the interval between the necks. The 
presence of diaphragms is the most significant characteristic of 
Robsonoceras, but their absence is not an objection of referring this 
specimen to the genus, because it is stated that the diaphragms are 
not present in the adoral portion of the siphuncle. This specimen 
agrees better with Robsonoceras than with Ellesmereoceras, because 
the conch is not compressed laterally and has no distinct lobe or 
saddle on the suture. 

Occurrence :—Loc. 8. 


Phylum Arthropoda 
Class Trilobita 


In most text-books of palaeontology Trilobita have long been 
placed in Crustacea as one of their orders. Merit to ST@RMER and 
some others, however, it was shown that Trilobita form an archaeic 
group of Arthropoda independent from Crustacea. 

The classification of Trilobita is still confused. As I have em- 
phasized (1935), the major grouping based merely on the basis of 
cephalic sutures is not successful and one must rely on the combina- 
tion of biocharaters. This conclusion was more and more ascertained 
in these years with new facts. 

Through the ontogenetical study on Redlichia chinensis polymerism 
was readily distinguished from metamerism (KOBAYASHI and KATo, 
1951). Namely, metamerism is the production of a new segment in 
the growth zone in the pygidium whereas polymerism is the migration 
of a segment from pygidium to thorax. In consequence the number 
of thoracic segments increases. Miomerism is the decrease in the 
number of thoracic segments which is seen in phylogenetic develop- 
ment. When polymerism ceases before the cessation of metamerism, 
the pygidium becomes larger and multisegmented. Therefore the 
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miomeric and macropygous trilobites are more advanced than the 
polymeric and micropygous ones. From this viewpoint agnostids are 
the most specialized trilobites, as I have discussed in great detail 
(1989). 

The Agnostida are exclusively hypoparian and bisegmented in 
thorax, whereas the cephalic suture is either hypoparian or proparian 
and the thorax has 2 or 3 segments in the Eodiscida. Nevertheless 
these trilobites form a solid group in Trilobita (KOBAYASHI, 1944). 
JAEKEL’s proposal of Miomera was adopted for this group by WHITE- 
HOUSE, Hupf& and some others. 

Polymeric trilobites vary greatly. There were at least 3 major 
stocks already in the early Lower Cambrian period. They are Red- 
lichida, Corynexochida and Conocoryphida. 

Burlingia and Schmalenseeia with which the Norwoodidae and a 
few others may be combined, form a small Middle and Upper Cambrian 
group isolated from the preceding three orders for which I proposed 
“ Burlingida” (1954). 

The rise and fall of trilobite families which took place in the 
span of time from late Cambrian to early Ordovician were great and 
so sporadical that some of them are quite difficult to trace their 
lineages. One of such groups comprises the Dikelocephalidae, 
Asaphiscidae, Nileidae, Asaphidae, Bathyuridae and some others for 
which Dikelocephalida are reserved, because it is difficult to answer 
whether they were derived from the Corynexochida or Conocoryphida 
stock. 

The major classification of the Trilobita, though still tentative, 
is adopted here as follows: 

A. Subclass Polymera JAEKEL 
Order Redlichida RICHTER 
Order Corynexochida KOBAYASHI 
Order Dikelocephalida KOBAYASHI 
Order Conocoryphida SWINNERTON 
Order Burlingida KOBAYASHI 
B. Eereloas Miomera JAEKEL 

f. Order Hodiscida KOBAYASHI 

g. Order Agnostida KOBAYASHI 


cao TE 
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Subclass Polymera JAECKEL, 1909. 
Order Redlichida RICHTER, 1932 


Family Kainellidae ULRICH and RESSER, 1930 


The following species in Evans’ collection have already been 
described in my recent paper (1953) : 

Kainella flagricauda (WHITE) from First Mountain, 2 miles south of Sinclair Canyon 
mouth, British Columbia (Goodsir Cy). 
Kainella stenorachis KOBAYASHI from North of the first stream from East, North of 

Brisco trail, British Columbia (Goodsir No. 37/7). 

Lingukainella robusta KOBAYASHI from Whiskey trail, British Columbia (Goodsir No. 

14/3). 
ee canadensis KOBAYASHI from North of first stream East, North of Brisco 

trail, British Columbia (B 7.). 

Kainella stenorachis was founded on the pygidium the axis of 
which is as narrow as that of Kainella meridionalis KOBAYASHI. The 
fusion of the pleural ribs are, however, far more advanced. While 
the first rib is marked by a deep furrow in its whole length, the 
second one is united with the third except the distal end. There 
the rudimentary spine of the secondary rib still exists. The fusion 
is further advanced in Kainella orientalis RASETTI (1948) in which 
the posterior margin is entire between the first pair of the pleural 
ribs. As the preocular facial suture is transversal in the associated 
freek, stenorachis was taken for an aberrant form of Kainella, s. 
str. If the speciality corresponding to the pygidium is found in 
the cranidium, it may require at least its subgeneric distinction from 
Kainella, s. str. 

Lingukainella can be distinguished from Kainella in the smaller 
axial lobe, the first and second pairs of well developed pleurae 
protruded into stout spines and the third pair united into a posterior 
tongue. In L. robusta the pleural furrows run into the spines and 
interpleural furrows pitted at the ends. Because of its resemblance 
with Metopolichas celorrhin (ANGELIN), I have provisionally placed 
the pygidium of M. (?) martelli in the Lichadidae. But now I think 
that it is probably congeneric with Lingukainella robusta. 

Another which looks similar to L. robusta is the pygidium of 
Dikelocephalus (?) corax BILLINGS. The cranidium on which the species 
is founded is the type of Bienvillia by CLARK (1924). As questioned 
by BILLINGS himself (1865), it seems quite unlikely that the pygidium 
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goes with the cranidium, but it was found in the same mass of 
limestone in the Lévis conglomerate with the cranidium of Bienvillia 
corax which is thought Upper Cambrian (RASETTI, 1944). In the 
pygidium the pleurae become shorter from the first to the fourth 
and the fourth pair are fused along the axis where the median 
groove still remains. This is older and more primitive than L. 
robusta. 

In cleaning specimens two more kainellaids were found in the 
collection as follows: 

Kainella kindlet KOBAYASHI, new species from loc. 2. 

Apatokephalus canadensis KOBAYASHI from loc. 20. 


Subfamily Kainellinae KOBAYASHI, 1953 
Genus Kainella WALCOTT, 1924 


Kainella kindlei KOBAYASHI, new species. 
Plate II, figure 1. 


Description :—Glabella large, convex, elevated above the cheeks, 
subquadrate, more or less expanded at the middle and surrounded 
by deep dorsal furrows; anterior lateral furrow obscure, while the 
posterior one is distinct, oblique, long and pronounced toward the 
axis; occipital furrow transversal; frontal limb narrow and depressed; 
frontal rim thick, convex, elevated above the limb; frontal furrow 
distinctly pitted ; anterior facial suture transversal. 

Comparison:—The type cranidium is 5mm. long. In the glabellar 
aspect it resembles Pseudokainella columhana KAY and HARRINGTON 
(1951), but the transversal anterior suture reveals its being a Kainella. 
Its glabella is broader than that of K. billingst (WALCOTT), but 
longer than that of K. orientalis RASETTI (1948). The frontal limb 
is shorter in this than in the two kindred species. In fact the limb 
in the front of the glabella are about the same in length. The rim 
is remarkably convex. Its lateral narrowing in other Kainellas is 
imperceptible. Irregular radial ridges cannot be seen on this frontal 
limb. Though the cranidium before hand is imperfect, it can readily 
be distinguished from all of the known Kainellas. 

Occurrence :—Loc. 2. 
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Subfamily Apatokephalinae KOBAYASHI, 1958 
Genus Apatokephalus BROGGER, 1897 


Apatokephalus canadensis KOBAYASHI 
Plate II, figure 2. 


1953. Apatokephalus canadensis KOBAYASHI, Japan. Jour. Geol. Geogr. Vol. 28, p. 53, 
pl. 3, figs. 1-4. 
The anterior part of this cranidium is broken off. Nevertheless 
it is typical of the species. 
Occurrence :—Locs. 20 and B7. 


Family Pliomeridae RAYMOND, 1913 


Protopliomerops is a cheiruroid, but referred to the Pliomeridae 
rather than the Cheiruridae, s. str., as done by Hupf& (1953) because 
its alliance to Pliomerops and Pseudomera is greater than to true 
cheirurids. 


Genus Protopliomerops KOBAYASHI, 1934 
Protopliomerops subquadratus KOBAYASHI, new species 


Plate II, figures 3-4. 


Description :—Glabella one and a half times longer than broad, 
subquadrate, a little tapering backward and rounded in front, provided 
with three pairs of strong lateral furrows which are oblique to the 
axis and disconnected in the axial third; occipital furrow transversal ; 
occipital ring shorter than the lateral lobe; dorsal furrow deep. 
Fixed cheek one and a half times broader than the glabella; its 
posterior rim somewhat thickened near the genal angle whence a 
short spine issues backward; rim itself bent forward and a little 
inward; eyes of medium size, lunate, a little anterior to the second 
lateral lobe of the glabella; fixed cheek at the eye half as wide as 
the glabella; ocular ridge extends from the vicinity of the first 
lateral furrow. Facial suture extends transversally from the posterior 
end of the eye and cuts the lateral margin of the cheek. 

Pygidium subquadrate; axial lobe nearly a third as wide as the 
frontal margin of the pygidium, conical, regularly convex, elevated 
above pleural lobes, composed of 5 rings and a terminal lobe; dorsal 
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and ring furrows strong ; terminal lobe depressed below the level of 
the rings, triangular, pointed back, bisected half way by an axial 
furrow which extends back from the fifth ring furrow; pleural lobe 
only a little convex, composed of 5 pleurae which are separated by 
deep grooves and each protruded back into a spine; the first pleura 
divided into a narrow anterior and a broad posterior band by a 
transverse furrow which extends laterally in the same line with the 
furrow which divides the articulating half-ring from the first ring; 
posterior band abruptly turns back and prolongdd into a spine with 
weak convexity on the lateral side, a little further beyond the 
posterior end of the axial lobe. 

Observation :—The description is based on a cranidium and 
pygidium in separate slabs from the same locality. This pygidium 
belongs to the same kind with another pygidium found on the same 
slab with the cranidium. The cranidium is 27mm. broad. It is 
deformed to some degrees as can be percieved by a comparison 
between the two cheeks. The posterior margin is nearly straight 
on the left but undulated on the right side. The glabella is 7mm. 
wide and 11mm. long. The test appears to be pitted at least on 
the cheek. Covered by tenacious matrix, its frontal rim is invisible. 
The pygidium is about 11mm. broad, its axial lobe 3.3mm. broad 
and 6.5mm. long. 

Comparison : — Protopliomerops primigenus (ANGELIN) and P. 
deferrariisi HARRINGTON (1939) are two close allies to this species. 
The relatively posterior position of the eye on the broad cheek is a 
significant characteristic found common among them. While primigenus 
has no genal spine (MOBERG and SEGERBERG, 1906, pl. 7, figs, 18a—b,), 
deferrariist has it. The axial lobe of the pygidium is, however, 
much broader in deferrariisi than in this species. Not only in the 
relative size of the axis to the pygidium but also in the central pit 
on the terminal axial lobe (ANGELIN, 1878, pl. 41, fig. 15) this pygidium 
fits nicely with that of primigenus. The outline of the pygidium is, 
however, different between the two. 

The pygidium of Pliomerops canadensis (BILLINGS) (1865, fig. 278) 
looks very similar to this pygidium, but the axis is a little broader 
and the triangular terminal lobe simple in BILLINGS. The cephalon 
of Pliomerops canadensis is quite different from that of Protoplio- 
merops in the shorter subpentagonal glabella with the first lateral 
furrow cutting into the glabella from the frontal furrow and the 
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lack of the genal spine. ; 

Amphion salteri BILLINGS for which BRADLEY (1925) proposed 
Strotactinus has also a similar pygidium. According to him, it is a 
common member in the Beekmantown limestone at Phillipsburg, 
Quebec. The pygidium of salteri which BRADLEY illustrated appears to 
have 6 pleural segments whereas there are only 5 in BILLIGNS’ type. 
The eyes are located at about the mid-length of the ernidium. BRADLEY 
noted the similarity of saltert to Cerawrinus. 

Occurrence :—Loc. 21. 


Protopliomerops radiatus KOBAYASHI, new species 
Plate II figure 5a—b, 6. 


The type cranidium is 28.5mm. wide. Glabella 8mm. long and 
11mm. broad, strongly convex, quadrate but its antero-lateral corners 
are rounded ; three pairs of lateral furrows oblique to the axis and 
deep; posterior furrow strongly pitted at the inner end; occipital 
furrow strong and undulate; occipital ring thickened in the middle ; 
dorsal furrow quite pronounced ; eyes opposed to each other at the 
second lateral furrows; fixed cheek half as wide as the glabella at 
the eyes, well developed postero-laterally and remakably slant outward 
from the eye; genal spine absent ; anterior rim upturned; posterior 
facial suture transversal. 

The surface of the cheek is distinctly pitted. Some diagonal 
ridges are clearly seen on the first left lobe of the glabella, but they 
are not preserved in the remainder of the glabella. 

The cranidium has many aspects in common with the preceding, 
although they are evidently different specifically. A pygidium pro- 
cured from the same locality with the cranidium is also closely related 
to that of P. subquadratus. 

The axis of the pygidium is composed of 5 rings and a terminal 
triangular lobe which the last bears the same aspect as those of P. 
primigenus and P. subguadratus. The five pairs of pleurae are more 
widely divergent in this than in these two allies but less so than in 
P. supercliosa Ross. 

In this aspect this pygidium may be compared with Proto- 
pliomerops firmimarginis HINTZE, (1952, pl. 22, fig. la). The axial lobe 
is a little broader in front and tapers more abruptly in firmimarginis 
and swpercliosa than in this species. 
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Amphion barrandet BILLINGS for which HoLLADAY (1942) erected 
Pseudomera has a pygidium (BILLINGS, fig. 278) very similar to this, 
although the axis is more slender than that of Protopliomerops 
radiatus. The cephalon of Pseudomera barrandei agrees with 
Pliomerops much better than with Protopliomerops. 

Finally it is noted that the pleural ridges in the pygidium of P. 
radiatus are rounded on the top but the spines mesially grooved. 
The test of the pygidium is calcified and appears smooth. 

Occurrence :—Loe. 18. 


Protopliomerops longispinus KOBAYASHI, new species 
Plate II, figures 7. 


This is represented by a small pygidium, 14mm in breadth. The 
axial lobe is a third as broad as the pygidium, but tapers quickly 
backward. It is composed of 5 rings and a triangular terminal lobe. 
The anterior margin of the pygidium is broadly rounded in form of 
a semicircle. The breadth of the pygidium attains at the maximum 
at a point shortly behind the rear end of the axial lobe. Pleural 
lobes are divided into 5 ridges by narrow but distinct furrows, each 
of which is prolonged back into a long spine. The anterior spines 
are longer than the posterior ones. They appear to terminate 
nearly on the same transverse line. 

This is similar to the pygidium of Protopliomerops supercliosa 
Ross (1951) in the young stage, but the anterior margin is more 
rounded, the spines are longer and the axial lobe is more breviconic. 
Because there is no linking form between this and P.subquadratus, 
they are specifically distinguished. 

Occurrence :—Loc. 18. 


Genus Tesselacauda Ross, 1951 


Tesselacauda flabella KOBAYASHI, new species 
Plate II, figures 8a—b. 


Description :—Axial lobe broad, breviconic, rounded at a fourth 
the length from the posterior margin, scarcely elevated from the 
gentle general convexity of the pygidium and composed of 4 rings 
and a small triangular terminal lobe ; anterior margin of the pygidium 
broadly arched and its pleural part nearly diagonal; 4 pleurae 
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countable on each side; interpleural furrows somewhat divergent and 
accordingly the pleurae are broadened distally; pleural furrows 
short but distinct in the anterior pleurae; each pleura truncated at 
the end but its junction with a neighbouring pleura is incised; such 
an incision cuts into the side-lobe as far as a circular pit where the 
interpleural furrow terminates. Test smooth. 

Comparison :—The above observation is made on the exfoliated 
surface except a very periphery where the test still remains. The 
axial lobe inclusive the articulating half-ring is 8.1mm. long and 
7mm. broad. The pygidium may be about 11.5 mm. long and 16.5mm. 
broad, if complete. The pygidium is longer than T. depressa ROss 
(1951), but reveals good agreement with the holotype pygidium of 
that species in essential features. The entire margins of the pygidia 
in these species are, however, quite unusual for the cheiruroid, s.1. 

Occurrence :—Loc. 2. 


Order Corynexochida KOBAYASHI, 1935 
Family Telephidae ANGELIN, 1954 


The family was well founded by HADDING’s revision (1918). 
Subsequently when RAYMOND (1925) combined Telephus with Cyclopyge 
CoRDA and Symphysops RAYMOND in a family, he proposed Cyclopygidae 
for it, owing to the invalidity of Aeglina ANGELIN, 1947 and accordingly 
of Aeglinidae PICTET, 1854. From this viewpoint the Cyclopygidae 
is a synonym of the Telephidae but the two families are independent, 
as generally concieved at present. 

ULRIcH (1929) referred Glaphurus RAYMOND and Glaphurina 
ULRIcH to the Telephidae, but the two genera look more allied to 
the Odonotopleuridae as suggested by RAYMOND. ULRICH noted the 
alliance of Telephus to Chariocephalus and Irvingella. 

The latter two were later combined with other genera in the 
Komaspidae by KoBAYASHI (1953). Lately Telephacea was proposed by 
STUBBLLFIELD (1950) to include the Telephidae and the Komaspidae. 
The latter family divided into the Bathynotinae (Lower and Middle 
Cambrian) and Komaspinae (Middle Cambrian and Lower Ordovician) 
by KOBAYASHI (1954). The Komaspinae must be ancestral to the 
Telephidae, but there are some links still unnamed between them, 

Distribution :—Same as Telephus. 
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Genus Telephus BARRANDE, 1852. 


In ULRICH’s monograph (1929) 27 species and 2 varieties are 
distinguished in this genus. They were all represented by dismembered 
carapaces, but 9 segments are countable in the thorax of FISCHER’s 
complete carapace of Telephus spiniferus ULRICH (1946). 

With reference to glabellar outline and course of ‘eye-bands 
European 10 species may be classified into 4 or 5 groups. 

1) Fractus and reedi having a trapezoidal glabella and laterally 
angulated eye-bands. 

2) Saltert having a glabella dilating in the anterior and eye-bands 
developed postero-laterally. 

These are two European off-shoots which were issued from the 
trunk composed of the following groups: 

3) Mobergi group having a trapezoidal glabella and antero-laterally 
developed eye-bands. 

4) Granulatus group having an oval or elliptical glabella with well 
rounded eye-bands. 

5) Intermediate group between these two (3 and 4). 

As the result of ULRICH’s rigorous discrimination, American 
forms attained almost twice the number of European ones, but it 
does not literally mean that morphic diversity is greater in America 
than in Europe, because the first and second groups are unrepresented. 

It is interesting to see two hollow spines issuing from the 
anterior part of the glabella in granulatus ANGELIN by HADDING and 
bicornis ULRICH which are approximate contemporaries on the two 
sides of the Atlantic. In eastern North America the mobergi-wegelinié 
group is represented by bipunctatus, impunctatus, praitensis, tellicoensis, 
buttst, troedssont, transversus and hircinus; granulatus group by 
americanus, mysticensis, mysticensis similator, bilunatus and bicornis ; 
and the remainder belongs probably to the intermediate group. 

Distribution :—Chanzyan or Llandelian and later. From the 
southern Appalachians to Scandinavia through Quebec, Newfoundland 
and Scotts-Irish area and extending into Bohemia. The present find 
in western Canada is the first in the rest of the world. 


Telephus pacificus KOBAYASHI, new species 
Plate II, figures 9a—b, 10. 


Description :—Glabella triangularly ovate, strongly convex, pro- 
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vided with a pair of strong pits in the posterior part ; occipital ring 
clearly defined anteriorly by a profound furrow, and thickened toward 
the middle it is pointed back; occipital groove remarkably bent 
forward in the middle part, but bent back on the two sides; dorsal 
furrow deep; frontal rim narrow, wire-like, gently arcuate and 
separated from the glabella by a narrow but deep groove; two short 
spines issue near its lateral ends; starting from this point, the 
eye-band, twice thicker than the rim, extending postero-laterally but 
turning inward and backward before passing its half way; cheek 
bordered by the band broad, moderately convex and inclined laterally ; 
posterior limb of the cheek very small; surface apparently smooth. 

Observation :—The holotype cranidium is 3mm. long. The para- 
type is an external mould of a larger cranidium the glabella of which 
is 4mm. in breadth and 5.5mm. in length where the occipital ring 
occupies 1.5mm. of the length. 

The glabellar pits are not so strongly impressed internally. 

Comparison :—In the presence of two strong pits this belongs 
evidently to the group of TJ. mobergi HADDING, which occurs in 
Sweden in the Llandailian Ogygiocaris shale. The group comprises 
several American species, namely troedssoni RAYMOND, bipunctatus 
ULRICH, impunctatus ULRICH, prattensis ULRICH, tellicoensts ULRICH, 
herecinus ULRICH and buttsi ULRICH which are intimately related to 
one another and occur all in the upper Chazyan in the Appalachians. 

This species -well agrees with mobergi, bipunctatus and buttst, but 
the eye-bands are not so distinctly geniculate and there is no trace 
of the nuchal spine. 

Occurrence :—Loc. 10. 


Family Leiostegiidae BRADLEY, 1925. 
Subfamily Leiostegiinae KOBAYASHI, 1935 
Genus Leiostegium RAYMOND, 1913 
Subgenus Hvansaspis KOBAYASHI, new subgenus 
Diagnosis :—Letostegium with a pair of spines issuing from the 
lateral border of the pygidium. 


Type species :—Leiostegium (Evansaspis) glabrum KOBAYASHI, new 
species. 


Remark :—As listed by HINTZE (1952), there are 9 species of 
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Leiostegium having entire margins on their pygidia. The tenth 
species is Leiostegium formosa HINTZE which has a pair of lateral 
spines on the pygidium. Perischodory RAYMOND (1937) which is known 
only of the pygidium of the monotypic Perischodory grandget RAYMOND 
(Pl. IX, fig. 11) has also a pair of spines which, however, spring 
out from the lateral ends of the frontal margin. 

Prochuangia KOBAYASHI (1985) also has a pair of spines on the 
pygidium. It has, however, no marginal border and a pleural ridge 
is protruded into a spine without any interruption. 

The pygidium of Chosenia (KOBAYASHI, 1934) is, like the precedings, 
provided with a pair of lateral spines, but it can easily be distinguished 
from the pygidium of Evansaspis by its subpentagonal outline and 
distinctness of pleural ribs and furrows. The spine is the prologa- 
tion of the first pleural rib. . 

Although the presence or absence of such spines is often taken 
for a generic or even higher distinctoin, Evansaspis is recongnized 
here as a subgenus of Letostegiwm because it agrees well with 
Letostegium, s. str. in the cranidium. 

It is probable that Crepicephalus ceratopygotdes RAYMOND (1925) 
from the Lower Ordovician in the east of Harrogate, B. C. belongs to 
Evansaspis. However, I hesitate this reference because it is stated 
that “the lateral spines are not mere extensions of the margin, but 
are prolongations of the convex portion of each pleural lobe.” 
Furthermore its illustration does not show any well defined marginal 
rim. Specifically the pygidium is distinct from glabrum as well as 
formosa in outline, longer axial lobe and the more anterior position 
of the lateral spines. 

Distribution :—Leiostegium, s. str. is widely distributed in 
Americas. The one from Cajas, 15 miles west of Hambacca, Argen- 
tina, which I listed elsewhere (1936, 37), belongs to Letostegiwm 
douglasi HARRINGTON, insofar as can be judged from its pygidia. 
The known distribution of Hvansaspis is, on the other hand, restricted 
to western North America. 


Leiostegium (Evansaspis) glabrum KOBAYASHI, new species 
Plate Il, figures 11-17. 


Description :—Glabella fairly convex, long, subquadrate, some- 
what contracted in the mid-length and smooth, but provided with a 
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strong occipital furrow; dorsal furrow deep and pitted at the frontal 
end; fixed cheek narrow; eyes large, provided with a deep furrow 
on the inner side; eye ridge absent; fixed cheeks remarkably de- 
pressed in front of the eyes; frontal rim narrows in front of the 
glabella; anterior facial suture nearly parallel to each other. 

Pygidium moderately convex, somewhat pentagonal; axial lobe 
narrow, distinctly elevated above the pleural lobes and rounded at 
the rear; four rings in its anterior half clearly separated from one 
another by transverse furrows, but the segmentation becomes obscure 
backward; pleural lobe broad and unfurrowed except the first pleural 
furrow; anterior pleural ridge continues to the marginal border at 
the lateral end where the margin of the pygidium is more or less 
oblique and rounded; marginal border convex, delimited by a deep 
furrow on its inner side; a pair of spines which divide the posterior 
and lateral margins into three parts of subequal length, issue postero- 
laterally. 

Observation:—A hypostoma from loc. 8 is long, subpentagonal, 
but alated at the lateral ends of the gently arcuate frontal margin ; 
central body large and subelliptical, but subangulated at the rear 
end as does the marginal rim; intramarginal furrow deepened inside 
of the bent of the rim toward the wing. 

An imperfect free cheek from loc. 2 which is thought to belong 
to this species has a genal spine. 

Comparison :—This species is quite similar to Leiostegiwm formosa 
HINTZg#, if their pygidia are compared. The imperfect cranidium of 
the latter, however, shows that the glabella appears to be a little 
narrower and strongly contracted. Its eyes are less curved than 
those of this species. The most important distinction between the 
two species lies in the texture of the carapace which is pustulose in 
formosa but smooth in this species. 

Occurrence :—Locs. 2, 8, 12 and 25. There is neither pustulose 


formosa nor any species of Leiostegiwm, s. str. in the collection before 
hand. 


Order Dikelocephalida KoBAYASHI, 1935 
Family Asaphiscidae RAYMOND, 1924 
Genus Hyperbolochilus Ross, 1951 
Hyperbolochilus expansus KOBAYASHI, new species 
Plate III, figure 1. 


Description :—Cranidium moderately convex, doming toward its 
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center; its length exclusive of the neck ring equal to the breadth 
of the glabella plus a fixed cheek; glabella clearly outlined by a 
narrow dorsal furrow, ovate, slightly elevated above the general 
convexity of the cranidium, nearly half as wide as the cranidium; 
its breadth equal to the length of the glabella exclusive of the neck 
ring; no lateral furrows; occipital furrow as strong as the dorsal 
one and more or less undulate; occipital ring sublenticular; eyes 
medium in size, close-set to the middle of the glabella; no ocular 
ridge; fixed cheek very narrow at the eye, but its posterior limb is 
well developed laterally ; preglabellar field remarkably expanded and 
inclined distally with weak convexity; frontal border depressed, 
separated from the frontal limb by a shallow furrow and more or 
less arched toward the axis; anterior facial suture running diagonally 
from the eye but incurved on the marginal border; posterior suture 
subtransversal, but turns backward near the end. Test smooth. 

Comparison :—This species agrees with Hyperbolochilus margin- 
auctum Ross (1951) in major aspects, but the glabella and pre- 
glabellar field are broader. The eyes are located more posteriorly 
and accordingly the fixed cheeks behind them more transversal. The 
facial suture does not cut the frontal border so far inward as in 
that species. 

As Ross’ species occurs in the F zone of the Garden City for- 
mation, it is much younger than Hyperbolochilus eapansus. Ross 
iUlustrated various kinds of hypostomata and pygidia found in 
association with his species. Some of the hypostomata (ex. fig. 25, 
pl. 19, in Ross, 1951) could be of the Asaphiscidae. Those pygidia 
are, however, all very broad and the marginal border is not well 
developed in them. They are quite distinct from either the Asaphis- 
cidae or the Bathyuridae. 

In Bathyurellus glensaulensis REED (1910) from Glensaule distinct, 
Ireland, the glabella is smaller than in typical Bathyurellus, eyes 
also much smaller and closely set to the glabella and the marginal 
border is very narrow. REED’s cranidium in figs. 2a-b has the strongly 
rounded anterior outline probably due to lateral compression which 
yielded the axial angulation on the glabella. This species is much 
larger than and its neck ring not thickened mesially as in Hyper- 
bolochilus, but it is a question with which it agrees better, Hyper- 
bolochilus or Bathyurellus. 

Acrohybus argutus RAYMOND (1987) from the Rockledge conglo- 
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merate which he considered a member of the Cedariidae looks very 
similar and possibly related to this species, but they are generically 
distinct, because the glabella is more triangular, the occipital furrow 
obscure, the frontal brim flattened and the rim ill-defined in that 
species. The incurving of the facial suture on the frontal border as 
seen in Hyperbolochilus is not shown in its illustration. 

In the incurving of the suture and the presence of the clear-cut 
neck ring Hyperbolochilus fits with Homodictya nicely. Its type 
species is H. imitatriz RAYMOND (1937) which was lately studied by 
RESETTI (1952) and SHAW (1952) with fresh materials. There are of 
course some differences among the individuals described by the three 
authors, but all of them have the eyes more anteriorly, if compared 
with Hyperbolochilus. Accordingly the posterior limb of the fixed 
cheek is larger. Furthermore the anterior outline of the cranidium 
is more rounded. The frontal border is upturned and no furrow 
present on its inner side. Thus there are some distinctions, but 
nevertheless the two genera are intimately related. 

RASETTI and SHAW agree in the reference of the pygidium re- 
sembling that of Blountia to Homodictyia imitatrix. While RAYMOND 
placed Homodictyia in the Tsinanidae, SHAW took it for a subgenus 
of Blowntia in the Asaphiscidae. As discussed above, Acrohybus is 
also possibly a member of the same family. Hyperbolochilus may be 
a relic genus of the Asaphiscidae in the early Ordovician period. 
Another possibility of its family reference is, however, found in the 
Bathyuridae. 

Occurrence :—Loe. 2. 


Family Nileidae ANGELIN, 1854 


RAYMOND (1922) suggested Symphysurus for certain trilobites 
from western North America, but they are now referred to Symphy- 
surina. “Symphysurus? goldfussi” WALCOTT (1884) is the type 
species of Pseudolenoides HINTZE (1952) which bears similarities with 
the Damesellidae in several aspects. 

The specimens described below are too’ incomplete to confirm 
their generic or family reference. 
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Gen. et. sp. indet. 
Plate V, figures 20-21. 


A fragmentary cranidium is largely occupied by the glabella 
which is remarkably expanded in the anterior. Eyes are broken off 
but surmised to have been located close to and a little posterior to 
the middle of the glabella. Neither occipital nor lateral furrows are 
present. Dorsal furrows are, however, fairly strong behind the eyes 
and pitted at the place of the occipital furrows. A median tubercle 
is present between these pits. The cranidium is not drooping as 
commonly seen in Nilews and Symphysurus, but gently convex toward 
its center. 

An associated pygidium is somewhat similar to Asaphellus (?) 
canadensis, but the axial lobe is less prominent. The lobe is narrow 
for the Nileidae and longer than in Nileus and Symphysurus. The 
marginal border is fairly well defined as in British genera of the 
Nileidae. This looks more likely a member of the Nileidae than of 
the Symphysurininae. 

A hypostoma on the same slab is long, strongly convex and ovate, 
narrowing posteriorly. If it is combined with these parts of the 
dorsal shield, it is very difficult to say the family in which such a 
trilobite is included. 

Occurrence :—Loc. 9. 


Family Asaphidae BURMEISTER, 1843 


As the result of recent studies on silicified materials by Ross 
and HINTZE the morphology of Canadian asaphid genera was greatly 
improved. Bellefontia, Isoteloides, Kirkella, Lachnostoma, Parabelle- 
fontia, Symphysurina, Trigonocerca, Trigonocercella and Xonostegiwm 
are all well characterized by combination of characters of dorsal 
shields and hypostomata. Symphysurina and its allies are grouped 
here in a new subfamily, Symphysurininae. In view of these genera 
I do not hesitate to say that endemic colour is quite distinct in the 
trilobite fauna of western North America. 

As some old members of these genera used to be called Asaphus 
or Megalaspis, there are certain species which bear similarities to 
Atlantic asaphids. Some others are still placed in Niobe, Asaphellus 
or Asaphelina provisionally. Insofar as the thorax and pygidium are 
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concerned, Asaphelina from the Garden City formation is almost in- 
separable from Asaphelina from South-France. Some crandia of 
Asaphellus (?) and also Macropyge (?) on the other hand appear to me 
to belong probably to Kobayashia which is an endemic genus founded 
by HARRINGTON (1938) on Xenostegium taurus from the Mons. 

The high endemism in the well known asaphids casts a doubt 
how many of the little known asaphids from the Canadian in western 
North America can safely be referred to Atlantic genera. 

Because the Asaphidae have been far splitted, it is almost im- 
possible to make any exact identification of fragmentary carapaces 
ex. Asaphids indt. a, b, c. Some broad pygidia with concave borders 
may belong to Bellefontia. Some others with caudal spines look 
similar to Kuyseraspis. There is an interesting asaphid form re- 
presented by pygidia from locs. 4 and 14 which are referred to 
Protopresbynileus very tentatively. They have post-axial pits on their 
doublure, but no concave border is present. 


Subfamily Symphysurininae KOBAYASHI, new subfamily 


This includes asaphids resembling Symphysurus in the dorsal 
view. The cranidium lacks the frontal rim; pygidium semi-circular 
or subtriangular in outline and lacks any well defined border. The 
glabella is broad, unfurrowed and separated from the cheeks by 
dorsal furrows which are fairly distinct in the posterior part; their 
posterior limb small and triangular. A median tubercle is generally 
present near the center of the glabella. The anterior facial sutures 
are subparallel or a little divergent or convergent. The doublures 
of the free cheeks bear several pits on the lateral sides. They meet 
along the median suture. 

The Nileidae, on the contrary, lack the median suture. ULRICH 
mentioned 9 segments in the thorax of Symphysurina, but in S. 
brevispicata HINTZE it really consists of 8 segments and the hypostoma 
is attached with the doublure without rostrum. 

According to ULRICH “The associated hypostoma is broadly alate, 
with a deep pit at the middle of the anterior edge making this part 
appear bilobed, median portion strongly swollen; posterior margin 
rounded, with two concentric, partly interrupted ridges. The marginal 
ridge dies out forward on the posteriar part of the anterior wing.” 

Two hypostomata found together with S. elegans POULSEN (1937) 
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are long, subquadrate and quite different from the one of S. minima 
SHAW which in turn agrees well with ULRICH’s diagnosis. In the 
outline with large anterior wings it is similar to certain hypostoma 
of the Illaenidae, but quite different from those of either the other 
Asaphidae or the Nileidae. 

ULRICH concluded that I/aenurus, Symphysurina and Hemigyraspis 
represent three stages in the evolution from unknown IIlaenurinae, 
but the posterior eyes and wide transversal suture behind them are 
specialities of Jllaenurus quite distinct from the two other genera. 

With the emphasis of the median suture and eight segments in 
thorax, it is reasonable to place Symphysurina in the Asaphidae as 
done by REED (1930). RAYMOND (1937) brought the genus together 
with his two new genera into the Ogygiocarinae probably because of 
the entire posterior outline of the hypostoma. But I think it better 
to erect a new subfamily for Symphysurina and its allies as suggested 
by POULSEN (1987), because they are Symphysurus like asaphids quite 
different from the Ogygiocarinae or the Asaphinae. 

The older members of the subfamily were all referred to Sym- 
physurus by BROGGER (1896) or RAYMOND (1910, 22) and they are 

Asaphus illaenoides BILLINGS, 1860 
Illaenus eurekensis WALCOTT, 1884 
Ampyzx (?) sp. WALCOTT, 1884 
Asaphus convexus CLELAND, 1900 
Bathyurus (?) sp. CLELAND, 1900 
Illaenurus columbiana WELLER, 1902. 
Bathyurus (?) levis CLELAND, 1903. 
Tsinania cleora WALCOTT, 1914. 
Tsinania elongata WALCOTT, 1914 

Since Symphysurina had been established by ULRICH (in WALCOTT, 
1924, 25), RAYMOND erected Symphysurinella and Symphysuwroides. 
The last one in particular is so similar to Symphysurus that the two 
are difficult to be distinguished in the dorsal view. Therefore I 
consider that the Symphysurininae reveal a branch of the Asaphidae 
which lies between the Ogygiocarinae and the Nileidae. 

Putting aside several indeterminable forms, there are some 25 
species in this subfamily which require a thorough revision. The 
convexity of the cephalon varies among them to a great extent. 
The cranidium is broad in the woosteri type but narrow in the spicata 
type. Genal spines are present in many species but absent in 
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eurekensis, cleora and some others. The anterior facial sutures are 
parallel in some but in others divergent or convergent to some extent. 
The frontal margin of the cranidium is generally straight or slightly 
arcuate, but well rounded in columbiana. These critera are, however, 
not very practical for grouping because there are gradations. The 
median tubercle is located at about the center of the cranidium in 
most species. 

RAYMOND (1937) distinguished his two genera from Symphysurina 
in the following manner :— 

Symphysurinella :—Similar to Symphysurina but with unfurrowed 
triangular pygidium with a caudal spine issuing from the posterior 
border, instead of the axial lobe. 

Symphysuroides :—Similar to Symphysurina but without caudal 
spine on the pygidium. 

SHAW (1952) noted that the separation of Symphysurcides from 
Symphysurina on the basis of pygidia alone is of no more than sub- 
generic value. HINTZE (1952) on the other hand synonymized Ray- 
MOND’s two genera with Symphysurina. 

Symphysurina woosteri is indeed remarkably similar to S. brevi- 
spicata except the presence or absence of the caudal spine. Such a 
spine or telson serves, however, for a distinction which is frequently 
applied to generic distinction among trilobites. Its importance may 
be recognized from the fact that all of the Arctic forms of the 
Symphysurininae are spineless. Therefore as a step toward the 
natural grouping Symphysuroides is accepted here as a subgenus of 
Symphysurina. 

I am not sure of the validity of Symphysurinella. According to 
RAYMOND Symphysurina (?) entella of which the pygidium in fig. 22 
(WALCOTT, 1925) is his lectotype, is a species similar to Symphysurinella 
corlissensis (Pl. IX, fig. 3), but as Ross (1951) referred entella to 
Trigonocerca, its cephalic aspect agrees better with Trigonocerca than 
Symphysurina. It, however, disagrees with Trigonocerca in the lack 
of any distinct border either on the cephalon or on the pygidium. 

Symphysurina globocapitella HINTZE is an abnormal form having 
unusually long eyes located far posteriorly. Combined with the 
strong convexity of the cephalon, diminution of the posterior limb of 
the fixed cheek, and broadening of the pygidium the characteristic 
may be more than specific value. 


Finally the resemblance of Symphysurina with the Tsinanidae 
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is probably superfacial. The hypostoma of T'sinania canens is quite 
different from that of S. minima. T. humilis has a pair of rudi- 
mentary lateral spines on its pygidium (KOBAYASHI, 1952). In Dictyella 
the marginal border is fairly well defined and a caudal spine issues 
from it. As noted elsewhere (KOBAYASHI, 1988), the pygidium of 
Illaenurus ceres by MANSUY, i.e. Dictyella(?) mansuyi KOBAYASHI 
from the Prosaukia zone of Lungco, Indochina, has the pygidium 
similar to that of Symphysurina, but the associated cranidia are 
entirely different from that genus. 

Distribution :—Lower Canadian; North America and Arctic 
province. 


Genus Symphysurina ULRICH, 1924 


Symphysurina woosteri ULRICH is the type species of this genus. 
The breadth and convexity of the axial lobe are quite different 
between the two type pygidia of the species (figs. 9-11), notwith- 
standing that they are not much different in size. The test is said 
to be either smooth or very minutely punctate. Therefore woostert 
could be a composite species. POWELL’s pygidia from the Oneota 
dolomite in southeastern Minnesota (1935) which are broad and spine- 
less may not belong to woostert. 

S. spicata ULRICH, S. eugenia WALCOTT and S. corlissensis RAY- 
MOND are additional members. LOCHMAN and DUNCAN (1950) synony- 
mized the second with the first, but considerable difference in the 
convexity between the two cranidia can hardly be overlooked. 

An artificial key to the specific identification of Symphysurina s. 
str. including Symphysurinella is given below. 

Spine issuing from the prominent axial lobe on the pygidium. 

Cranidium and glabella broad. 


VOIGT LONG rea ses hate Ole crete eatery ier e eee ay ee S. woostert 
Pygvidium shorteand itriangular....2..... « S. uncaspicata 
Pygidium short and semicircular........ S. tatondakensis 
Cranidium and glabella norrow ; pygidium triangular. 
Glapellarrentlyconvexcece yc soe cosets sae S. spicata 
Glavellastron gly CONVEX! lat ice ote wate taain's « S. eugenia 
Spine issuing from the rear of the pygidium behind the 
SndsGtathe-axialwlove cc y epee ces we eles S. corlissensis 


On the basis of the above distinction Symphysurina (Symphy- 


430 T. KOBAYASHI 


surina) tatondakensis (nov) is proposed for Symphysurina aff. woostert 
by KOBAYASHI (1936). 

Ilaenurus eurekensis WALCOTT, Toinawhe elongata WALCOTT, S. 
parva RAYMOND S. globosa RAYMOND and S. wuncaspicata HINTZE 
- belong to this genus, but their subgenerie reference is indetermin- 
able owing to the ignorance of their pygidia. 

Distribution :—Lower Canadian; North America. 


Subgenus Symphysurina KOBAYASHI, new subgenus 
Symphysurina (Symphysurina) spicata ULRICH 
Plate III, figures 8-9. 


1884. Ampyx? WaALcoTT, Monogr. U.S. Geol. Surv. Vol. 8, pl. 12, figs. 19. 

1925. Symphysurina spicata ULRICH in WALCOTT. Smithson. Misc. Coll. Vol. 75, p. 
1139 pl. 21) figs. 12-18, 

1950. Symphysurina spicata LOCHMAN and DuNCAN, Jour. Pal. Vol. 29. p. 352, pl. 
52, figs. 8-12. 

Compared to woosteri, the cranidium is longer and the pygidium 
shorter in spicata and eugenia. According to LOCHMAN and DUNCAN 
the latter two are synonymous, but WALCOTT has shown that the 
convexity of the cranidium is quite different between the two, and 
noted that the genal and caudal spines are not so developed in 
eugenia as in spicata. 

There are a few cranidia and a pygidium from loc. 18 which are 
identifiable with spicata. The outline of the pygidium is also similar 
to that of wncaspicata, but the spine is extended horizontally and 
not so long as in S. wneaspicata.. 

Occurrence:—Loc. 18; Goodwine formation in Eureka district, 
Nevada, 


Symphysurina (Symphysurina) spicata var. eugenia WALCOTT 
Plate III, Figure 22. 
1925. Symphysurina eugenia WALCOTT, Smithson. Misc. Coll. Vol. WOG INO. (6; Da Lis; 
pl. 21; figs. 21), 25-29, 32, 

The specimens from loc. 24 agree better with eugenia than with 
spicata. The cranidia are more convex, although not geniculate as 
in typical eugenia. A small cheek appears to lack a spine at the 
genal angle. A pygidium has a little longer outline and the caudal 
spine shorter, if compared with spicata. This form is intermediate - 
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between spicata and eugenia but evidently closer to the latter. S. 
eugenia is probably not distinct species, but a variety of spicata. 
Occurrence :—Loc. 24; Mons formation in Alberta. 


Symphysurina (Symphysurina) cfr. corlissensis (RAYMOND) 
Plate VU, figures 22a~—b. 


1937. cfr. Symphysurinella corlissensis RAYMOND, Bull. Geol. Soc. Am. Vol. 48, p. 1116, 
pl. 4, figs. 21-22. 

The third form of this genus is different from the precedings 
primarily in the poorly outlined axial lobe. This pygidium agrees 
best with corlissensis. The lobe is elevated above the pleural lobes 
and slopes down abruptly near the posterior margin. Then it extends 
into a caudal spine, instead of being rounded off before the projec- 
tion of the spine as it is the case of corlissensis. 

In view of such an intermediate form I think it difficult to draw 
a sharp boundary between Symphysurina and Symphsurinella. 

Occurrence :- Loc. 24. 


Subgenus Symphysuroides RAYMOND, 1937 


The genus was founded by RAYMOND on Symphysuroides latus 
RAYMOND of which only the pygidium and free cheek are known. A 
good concept of the dorsal shield is, however, available from Symphy- 
surina uncaspicata HINTZE. A genal spine is present on the cheek 
in this as well as Symphysurina (Symphysuroides) minima SHAW of 
which the hypostoma is known. The genal spine is commonly 
present in Symphysurina, s. str. but less so in Symphysuroides. The 
spineless forms are 


Asaphus illaenoides BILLINGS 
Asaphus convexus CLELAND 
Bathyurus (?) levis CLELAND 
Illaenurus colombiana WELLER 
Tsinania cleora WALCOTT 
RAYMOND. considered CLELAND’S and WELLER’s species are all 
identical but the cranidium of columbiana is much broader than the 


two others which are similar to each other. 
Putting aside S.(?) simulans POULSEN, it is noteworthy that the 
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three species from Northwest Greenland (inermis, porifera and 

tumida) have tests pitted internally and in the two (robusta and 

elegans) from East Greenland the surface of the test is pitted. 
Distribution :—Lower Canadian; North America and Greenland. 


Symphysurina (Symphysuroides) elegens POULSEN 
Plate III, figures 19-21. 


1937. Symphysurina elegans POULSEN, Medd. om. Gr¢nland, Ba A119; INO? 8, pe St; 
Pl. 2, figs. 11-18. 

In the outline and convexity of the cranidium woostert ULRICH 
elegans POULSEN and brevispicata. HINTZE are quite similar, but the 
first species is different from the two latters in the presence of a 
caudal spine on the pygidium. POULSEN states that ‘‘the surface of 
the test (of elegans) is marked by numerous microscopic pits.’’ 

Two cranidia and a pygidium from loc. 22 and a pygidium from 
loc. 19 have punctate tests. These cranidia are a little less convex 
than POULSEN’s in fig. 12. The pygidium from loc. 22 has the 
angulated posterior outline; the axial lobe not very prominent; 
pleural segmentation practically obsolete; side lobes slope abruptly 
near the postero-lateral margin, while they are said to be gently 
and uniformly inclined in POULSEN’s. Thus there are minor differen- 
ces. Nevertheless the form from loc. 22 is, if not identifiable, most 
closely related to elegans. 

Occurrence :—Loc. 22; Cass Fjord formation in East Greenland. 


Symphysurina (Symphysuroides) expansa KOBAYASHI, new species 
Plate III, figures 6a—b and 7. 


Description :—Cranidium nearly as long as broad and regularly 
convex; glabella broad, expanded forward from the eyes; occipital 
margin more arcute than the frontal margin of the cranidium; 
median tubercle located near the center; dorsal furrows traceable in 
the whole length of the glabella; eyes fairly large, located at the 
mid-length; fixed cheeks distinctly depressed below the glabella; 
facial sutures diverging forward from the eyes and recurved near the 
frontal margin; those behind the eyes diagonal. 

Pygidium subovate, moderately convex, its length and breadth 
being in a ratio of 1: 1.5; axial lobe a third as wide as the pygi- 
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dium, distinctly elevated above the side-lobes, gradually tapering 
back and rounded off at a short distance from the posterior margin ; 
three rings countable in two-thirds of its length: lateral lobes dis- 
tinctly bent down in the outer half; only the first pleural groove 
distinct ; test smooth. 

Comparison :—Such a remarkable forward expansion of the 
cranidium and glabella is the feature not seen in any other species 
of Symphysurina. The pygidium is evidently longer than in elegans 
or wneaspicata. i 

Occurrence :—Loe. 24. 


Symphysurina (Symphysuroides) efr. brevismcata HINTZE 
Plate IH, figures 15-18. 


1952. cfr. Symphysurina brnvispicata HINTZE, Utah Geol. and Min. Surv. Bull. 48, 
Ds 230; pl. 3. figes 9-17. 


Occurrence :—Locs. 10b, 16, 22 and 23. The cranidia from these 
localities may be splitted into two or more species because there 
are some differences among them. But they belong probably to the 
same morphic group with Symphysurina brevispicata because they are 
found in association with free cheeks bearing short genal spines 
and spineless pygidia. 


Symphysurina a and b spp. 
Plate III, figures 10-14. 


Like elegans the dismembered carapace of a sp. found at loc. 
19 are pitted (Figs. 10-11). The broad cranidium with eyes in 
relatively posterior position is quite different from that of elegans, 
but looks similar to that of wncaspicata. The associated free cheek 
bears no spine at the genal angle. The pygidium from loc. 19 is 
triangular in outline. As its posterior part is broken, the presence 
or absence of the caudal spine is indecisive. 

Much smaller cranidia in similar outline which are grouped in 
b sp. are found at locs. 2, 15 and 23, (Figs. 12-14). Their tests ap- 
pear smooth. Three small pygidia from loc. 15 are semicircular in 
outline. 

Occurrence :—Locs. 2, 15, 19 and 23. 
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Subfamily Ogygiocarinae RAYMOND, 1918 


It is a remarkable fact that asaphids with caudal spines developed 
more on the Pacific than on the Atlantic side. As KAYSER (1895) has 
erected Thysanopyge, his T. argentina is a significant asaphid having 
minor spines, beside a long caudal one, by which the lateral margins 
of the pygidium are denticulated. 

The occurrence of asaphids with caudal spines in western North 
America has long been known since the descriptions of 2 species of 
Megalaspis by MEEK (1873) and White (1877). The out-turn of the 
dorsal furrows in the rear part of the pygidium as typically shown 
by Megalaspis belemnurus WHITE is certainly an unusual feature. 
Therefore Xenostegium is a valid genus. It is, however, a hetero- 
geneous aggregate, if all of WALCOTT’s species are retained in it. 

Xenostegium taurus WALCOTT was selected for the type of 
Kobayashia by HARRINGTON (1938). Asaphus (Megalaspis) goniocerum 
MEEK was referred to his T'’rtgonocerca by Ross. In addition Kayse- 
raspis and Trigonocercella were erected by HARRINGTON (19388) and 
HINTZE (1952) respectively on Kayseraspis asaphelloides HARRINGTON 
and Trigonocercella acuta HINTZE. Thus there are 6 genera which 
have caudal spines. “ Xenostegium” euclides WALCOTT and its allies 
cannot, however, be included safely in any of these genera or some 
others in the Atlantic province. The out-turn of the axial furrows 
in the pygidium is the unique feature of Xenostegium. In Xenoste- 
gium franklinensis CLARK and X. acuminiferentis (ROSS), however, 
it appears in the grown stage. In its youngster the axial lobe is 
directly produced behind into a caudal spine. In the middle age the 
root of the spine is expanded laterally as in Megalaspis heros DALMAN, 
(SCHMIDT, 1906, pl. VII, fig. 4a). 

In the cranidium Xenostegium and even Trigonocerca are similar 
to Bellefontia. The pygidium of Bellefontia is broad and has an 
entire margin. In Kayseraspis asaphelloides the glabella narrows 
forward and is rounded at the front. The anterior protrusion of the 
cephalic outline is a remarkable feature of Trigonocercella acuta. 
The glabella is unfurrowed in these genera, while its posterior 
furrows are pitted in Kobayashia. 

HARRINGTON considered that Kobayashia was derived from the 
Megalaspis stock and Xenostegium from Kobayashia, while Kayseraspis 
is a derivative from Asaphellus. 
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Megalaspis is a comprehensive genus in which not only the dorsal 
shield but also the hypostoma vary to a great extent. As clearly 
shown by BrOcGER and others, the posterior margin is entire in 
planilimbata (1), sinuated in V shape in limbata (2) and protruded 
into a median spine in grandis lata and acuticauda (3). The hypo- 
stomata of Kobayashia and Kayseraspis are allied to the last kind 
and at the same time to the hypostoma of Asaphellus homfrayi 
(SALTER) (LAKE, 1942) in the rounded lateral outline, although the 
median spine is absent in homfrayt. 

The hypostoma of “ Xenostegium” euclides WALCOTT appears to 
belong to the first kind of Megalaspis. The hypostoma of Trigono- 
cerca typica is, like that of limbata, sinuated in form of V, but has 
a median spine. In Trigonocercella acuta which occurs in a higher 
horizon than typica the sinuation is developed into a deep U, lateral 
margins are more pointed than in typica and the ‘median spine is 
absent. The hypostoma of Bellefontia is quite different from them 
in the well rounded anterior margin, subquadrate posterior outline, 
peculiar lateral wings and so forth. 

In Kobayashia taurus as well as Megalaspis acuticauda the glabella 
is parallel-sided or somewhat expanded in its anterior part. It is 
contracted at the eyes in K. lanceolata. In K. eudocia it is expanded 
behind the eyes. Thus the glabellar outline varies to some extent 
in Kobayashia. The usual presence of pitted posterior furrows serves 
for its distinction from Kayseraspis, Xenostegium, Trigonocerca, Trigo- 
nocercella and also from Asaphellus. 

Complete or nearly complete dorsal shields are known of Kay- 
seraspis asaphelloides, K. brackebuscht (KAYSER) and Bellefontia 
meconnellt (RAYMOND) and B. ibexensis HINTZE, but all others of 
these Pacific genera are represented by dismembered carapaces. 

In the two species of Kayseraspis, the pygidium is fairly broad 
and rounded on the rear side; its axial lobe narrow, prominent, well 
segmented, outlined laterally by dorsal furrows and once rounded at 
the end but a short spine issues behind it. 

The pygidia of Trigonocera and Trigonocercella are subtriangular ; 
segmentation is quite obsolete; and the axial lobe not so distinct as 
and broader than that of Kayseraspis. The pygidium of Trigonocer- 
cella acuta is more triangular and a little longer than any of 
Trigonocerca. The pygidia of Kobayashia taurus and Kayseraspis (*) 
euclides are also triangular but their axial lobes are narrower and 
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more prominent than that of 7’. acuta. 

With detached pygidia only (a, b, ¢, in figs. 8, 11, 14 on pl. 
VIII), it is very difficult to say their generic positions, because the 
above mentioned distinctions are not very sharp. Therefore the 
generic reference of incomplete asaphids is here made tentatively. 


Genus Bellefontia ULRICH, 1924 


1924. Bellefontia ULRICH in WALCOTT, Smithson. Mics. Coll. Vol. 75, No. 2, p. 54. 
1925. Bellefontia ULRICH in WALCOTT, Ibid. Vol. 75, No. 3, p. 69. 

1951. Bellefontia Ross, Peabody Museum Nat. Hist. Yale Univ. Bull. 6, p. 79. 
1952. Bellefontia HINTZE, Utah Geol. and Min. Surv. 48, p. 140. 

In the dorsal view this genus is similar to Asaphellus with which 
Hemigyraspis may be synonymized, because Asaphus affinis M’Coy, 
the type species of Hemigyraspis, was synonymized with Asaphellus 
homfrayt (SALTER) by LAKE (1942). In Bellefontia the glabella is re- 
markably expanded forward as far as it overlaps the marginal groove. 
The anterior facial sutures are more widely divergent in Bellefontia 
than in Asaphellus. Their hypostomata are quite different from each 
other. There is no spine on the posterior margin; the posterior 
outline subquadrate; anterior margin well rounded; lateral wings 
remarkably bent back. 

As suggested by its name, Parabellefontia concinna HINTZE is 
closely allied to Bellefontia collieana (RAYMOND), but effacement of 
the dorsal relief is quite advanced in Parabellefontia. 


Bellefontia platana KOBAYASHI, new species 
Plate III, figures 2-5. 


This species is represented by a detached cranidium, free cheek, 
hypostoma and pygidium. The dorsal shield figured out with them 
is remarkably flat. Cephalon exclusive of genal spines semicircular ; 
marginal border ill-defined ; glabella unfurrowed, slightly swelling 
up above cheeks and a frontal border, but its outline is not sharply 
defined except in the post-ocular part where dorsal furrows are 
fairly well impressed; palpebral lobes opposed at about the middle 
of the glabella; a very tiny median tubercle found on the glabella a 
little behind the eyes; eye-band on the free cheek well developed ; 
facial sutures widely divergent forward from the eyes, but turned 
inward on the marginal border and meet with each other in front. 
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Pygidium semicircular; axial lobe narrow, elevated above slightly 
convex side-lobes ; marginal border flat. 

The hypostoma is not essentially different from those of 
Bellefontia chamberlaini CLARK and B. ibexensis HINTZE, but longer 
and the posterior outline is more rounded in this species. 

The dorsal shield is remarkably convex, genal spine rudimentary, 
the pygidium longer and its axial lobe broader in Parabellefontia 
concina than in this species. Symphysurina walcotti KINDLE (1929) 
is represented by a pygidium resembling that of this species but the 
anterior margin is remarkably straight in this species. 

Occurrence :—Loc. 15. 


Bellefontia (?) aff. collieana (RAYMOND) 
Plate V, figures 4—5. ; 

1910. aff. Hemigyraspis collieana RAYMOND, Ann Carnegie Mus. Vol. 7, No. 1, p. 
41, figs. 9-13. 

1924. aff. Bellefontia collieana ULRICH in WALCOTT, Smithsonian Misc. Coll. Vol. 75, 
INO seDe DA eto Ss. 

1925. aff. Bellefontia collieana ULRICH, in WALCOTT, Smithsonian Misc. Coll. Vol. 75, 
UINOw Ss Dae, Die 25, UgSen l=. 

Three pygidia from loc. 3 are all similar to Asaphellus (°) 
canadensis, but they are more convex and their anterior margins a 
little arcute. The axial lobe does not show the terminal swelling. 
The pygidia of Hemigyraspis collieana in RAYMOND’s illustration have 
straight anterior margins and the one in fig. 9, on pl. 14 is evidently 
longer. The present pygidia agree better with ULRICH’s than 
RALMOND’s, but the axial lobe in ULRICH’s terminates at a short 
distance inside of the marginal border, while it reaches always to the 
inner margin of the border in the present ones. 

It is very difficult to point out the generic position of such 
isolated pygidia. Their resemblance with the species from Pennsylvania 
might be superfacial. Hemigyraspis mcconnelii RAYMOND (1918, 25) 
which belongs probably to Bellefontia, differs from collieana chiefly 
“in having a wider and less distinctly segmented axial lobe.” 

Occurrence :—Loes. 8 and 4. 

Bellefontia (?) sp. 
Plate V, figure 6. 


This pygidium looks similar to Asaphellus (?) canadensis on one 
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side and Bellefontia collieana on the other. But the pygidium is 
broader than either one of them. Its convexity is intermediae 
between the two. The marginal border is narrower than that of 
_ Bellefontia nonius WALCOTT. 

Occurrence :—Loc. 4. 


Genus Asaphellus CALLAWAY, 1877 
Asaphellus (?) canadensis KOBAYASHI, new species 
Plate V, figures 1-3. 


Description :—Cephalon semicircular except for a pair of genal 
spines; glabella long, cylindrical, subrounded in front, fairly convex, 
rather conspicuously inclined forward in the anterior third; no 
lateral furrows; occipital one strong on the cheeks, but almost 
indiscernible on the glabella; dorsal furrows narrow and nearly 
parallel to each other, but rather abruptly incurved at the anterior 
ends and become weaker along the arcuate frontal margin of the 
glabella ; palpebral lobe of moderate size, semicircular, opposed at 
the mid-length of the glabella; fixed cheek anterior to the eye 
narrow, but that posterior to the eye is broad; frontal limb and 
border narrow and the latter subtriangular, slightly upturned and 
separated from the former by a narrow furrow. Free cheek gently 
inclined distally from the eye, moderately convex; marginal border 
narrow, flat and. protruded into a genal spine of moderate length; 
eyes holochroal. Facial suture isoteliform, widely divergent from 
the median point of the border and from the lateral end of the 
frontal furrow, runs a little inward rather than the due backward ; 
posterior branch of the suture sigmoidal, fairly transversal, and 
abruptly bent back at some distance from the genal angle. 

Pygidium semicircular, slightly inflated ; axial lobe about a fifth 
as broad as the pygidium, gradually tapering back in the anterior 
and middle parts but nearly parallel-sided or even somewhat expanded 
in the posterior part and abruptly rounded at the rear end, convex, 
and elevated above the pleural lobes; 5 or more rings countable on 
the conical parts of the axis, but the ring furrows are weak except 
the first one; pleural lobes nearly horizontal, but gently inclined 
near the marginal border, divided into 6 or 7 flattopped ridges by 
pleural furrows which are weak except the first one ; marginal border 
narrow and depressed. 
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Test smooth. 

Comparison :—The above description is based on a cranidium, 
free cheek and pygidium from loc. 20. The cranidium is the holotype. 

The combination of these detached parts into a species seems 
quite reasonable because there is no other asaphid in the collection 
from loc. 20, except Kayseraspis(?) euclides which is much larger 
and quite different from this form. 

The pyidium is very similar to that of Bellefontia and especially 
of B. collieana (RAYMOND). B. chamberlaini CLARK and B. nonius 
WALCOTT have broader marginal borders on their pygidia, although 
the present pygidium agrees better with nonius than collieana in the 
swelling of the terminal lobe. Its posterior protrusion, however, can 
hardly be seen in nonius. Furthermore it is noteworthy that the 
segmentation is distinct on the axis but quite obsolete on the pleural 
lobes in Bellefontia. 

This cephalon is quite different from that of Bellefontia. It 
resembles Ross’ Niobe (?) sp. but the dorsal furrows are not so 
pronounced and its facial sutures distinctly isoteliform. The slight 
divergence of the anterior facial sutures and long cylindrical glabella 
are its significant features which are suggestive of Asaphellus alliance. 
In A. homfrayt (SALTER), however, the glabella is not so clearly 
defined, long enough to reach the frontal border and the eyes 
smaller and more anteal. 

In A. catamarcensis KOBAYASHI (1987) and A. jujuyensis HARRINGTON 
(1938) from Argentina dorsal and occipital furrows are fairly distinct. 
The eyes are located a little posterior to the middle of the cranidium 
in Asaphellus (Asaphelloides) americana KOBAYASHI, (1987). 

It appears to be allied to Asaphellus, but the glabella is outlined 
more clearly by its own convexity and also by furrows. Though 
narrow, there is a frontal limb, which appears absent in Asaphellus. 
I could not find any genus to which this species can safely be 
referred. Judging from the size, the trilobite from loc. 20 could be 
an immature form. 

Occurrence :—Loc. 20. 


Genus Xenostegium WALOTT, 1924 


1424. Xenostegium WaLcotTT, Smithson. Misc. Coll. Vol. 75, No. 2, p. 60. 
1925. Xenostegium Wa.cotTtT, Ibid. Vol. 75, No. 3, p. 124. 
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1934. Xenostegium KOBAYASHI, Jour. Fac. Sci. Imp. Univ. Tokyo, Sect. 2, Vol. 3, 

Pt. 9, p. 557. 

1938. Xenostegium HARRINGTON, Revista Mus. La Plata, (N. Ser.) Tom. 1, p. 223. 
1951. Xenostegiwm Ross, Peabody Mus. Nat. Hist. Yale Univ. Bull. 6,p. 100. 

WALCOTT combined more than two groups of megalaspoids in this 
genus. Xenostegium specified by Megalaspis belemnurus WHITE is 
closely allied to Bellefontia in the cranidium or cephalon, but different 
in the pygidium in the adult stage. In Xenostegium it is triangular. 
Its axial furrows turn outward at the posterior end where the axial 
lobe becomes prominent and whence a caudal spine issues. This 
aspect is quite unusual among asaphid-pygidia, but Ross (1951) and 
HINTZE (1952) have shown in Xenostegium franklinensis CLARK and 
X. acuminiferentis (Ross) that this kind of pygidium grows from 
Bellefontia-like pygidium. In the grown stage the axial furrows 
become obsolete in their terminal part in schofieldi, shepardi, kirkt 
and other species of Xenostegium but not in Xenostegiwm douglasensis 
WALcoTT. It could be a link between the two genera, because the 
outline of the pygidium is broad and the posterior spine small in X. 
douglasensis. 

From these facts Xenostegium is thought to be closely related 
to Bellefontia. Unfortunately the hypostoma of Xenostegium is as 
yet uncovered. Its anterior outline suggested by the posterior 
margin of the doublure is somewhat different from that of Bellefontia. 
Furthermore the pygidium of Xenostegium in the middle stage of 
growth is quite similar to that of Megalaspids. 


Genus Kobayashia HARRINGTON, 1938 


1938. Kobayashia HARRINGTON, Rev. Mus. La. Plata (N. Ser.), Tom. 1, pi 224. 


HARRINGTON founded this genus on Xenostegium taurus WALCOTT 
and referred X. (?) sulcatwm WaALcoTT and X. (?) ewdocia WALCOTT 
to it. The narrow glabella, pitted posterior and occipital furrows 
and the anterior sutures forming a distinct ogive distinguish this 
genus from Xenostegium. 

According to Ross sulcatum is based on a deformed cranidium 
of ewudocia. He tentatively referred tawrus to Xenostegium and eudocia 
to Asaphellus with some reservation. They are, however, distinct 
from these suggested genera and belong most probably to Kobayashia 
together with the cranidium of Macropyge gladiator. 

HARRINGTON considered that Kobayashia was derived from 
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Megalaspis stock. The aspect of its glabella is certainly similar to 
that of Megalaspis acuticauda ANGELIN, but the proportional size of 
the glabella to the cephalon is quite different between the two 
species. 

A better concept of the genus is available from K. lanceolata 
described in this paper. The pleural lobes of the pygidium are 
smooth on the surface, but pleural and interpleural furrows are 
distinctly seen on the exfoliated surface. Its hypostoma is allied to 
that of Megalaspis grandis var. lata (BROGGER, 1886, pl. 2, figs. 26 
and 26a). 


Kobayashia lanceolata KOBAYASHI, new species 
Plate IV, figures 1-3. 


Description :—Cranidium nearly as long as wide; glabella strongly 
contracted at a point sligntly posterior to its mid-length where eyes 
are opposed ; its anterior part large, expanded forward and rounded 
in front ; dorsal furrows pitted just behind the contraction ; occipital 
furrow pronounced on the lateral sides, but weakened toward the 
axis ; fixed cheek very narrow, but its posterior limb is well dilated 
laterally ; eyes erected and close-set to the glabella; frontal rim 
fairly large, nearly flat and lanceolate; free cheek with a depressed 
marginal border which is probably produced into a genal spine; 
facial sutures a little divergent in front of the eyes, intramarginal 
on the border and meet en ogive in front; their posterior branches 
widely divergent. 

Associated hypostoma as long as broad; anterior margin well 
rounded and alate at the lateral ends; central body broad, somewhat 
ovate, strongly vaulted and incised in the posterior by a pair of 
pits which are triangular and remarkably pronounced just inside of 
the marginal groove; marginal furrow deep; lateral border inclined 
inward, broad and well rounded; a tiny posterior spine issues from 
the border. 

Pygidium semi-parabolic ; axis coni.al, a fifth as broad as the 
pygidium, distinctly elevated above gently convex pleural lobes ; 
four or five anterior rings clearly separated from one another by 
transverse furrows; marginal rim narrow and crossed by a narrow 
post-axial spine. 

Comparison :—Except for the frontal brim which is longer and 
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less expanded laterally than in tawrus, this cranidium is quite similar 
to that of Kobayashia taurus (WALCOTT, 1925, Ross, 1951) and also 
to the cranidium of ‘‘Macropyge’’ glandiator (Ross, 1951). Kobayashia 
eudocia (WALCOTT) is represented by a fragmentary cranidium which 
is not much different from this species, although a very close 
comparison cannot be made. The cranidia which Ross called 
Asaphellus (?) eudocia are different from this species in the presence 
of a distinct marginal furrow. 

The illustrated pygidium is incomplete but enough to figure out 
its complete form. Another pygidium shows distinct segmentation 
on its exfoliated surface. Pleural and interpleural furrows typical 
of Megalaspis, are distinctly impressed in the latter pygidium but 
these furrows are not seen in the surface of the former pygidium. 
If these pygidia are found isolated from the cephalon, they may be 
identified with “ Xenostegium’” douglasensis. They are also similar to 
the pygidium of Xenostegium (?) paradouglasensis KOBAYASHI, although 
the axial lobe is more convex and the marginal rim broader. The 
cranidium of douglasensis is quite different from that of this species, 
and appears to belong to either Xenostegiuwm or Bellefontia. 

Occurrence :—Locs. 4. and 14. 


Genus Kayseraspis HARRINGTON, 1938 
Kayseraspis (?) euclides (WALCOTT) 


Plate IV, figures 4-12, Plate V, figures 8-10, (?) 22-23 


1925. Xenostegium euclides WALCOTT, Smithson. Misc. Coll. Vol. 75, p. 126, pl. 24, 
figs. 13-14. 


1925. Xenostegium albertensis WALCOTT, Ibid. p. 125, pl. 24, figs. 10-11. 
Description :—Cranidium nearly as long as broad and slightly 
inflated; glabella subcylindrical, about two-thirds as long as the 
cranidium, slightly elevated above the surroundings, no lateral or 
occipital furrow; dorsal furrows fairly distinct behind the eyes; 
axial ridge occasionally impressed, terminates at a tiny median 
tubercle which is located far back near the posterior margin; eyes 
close-set to the glabella at its mid-length; posterior limb of fixed 
cheek narrower than the glabella, truncated vertically at the lateral 
end; frontal brim flat or somewhat concave, protruded and pointed 
forward ; facial sutures divergent from the eyes and gradually incury- 
ed near the cephalic margin; posterior branch of the suture gently 
inclined laterally from the eye but becomes subvertical near the end. 
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Pygidium triangular, gently convex, bordered by a narrow, 
nearly flat or slightly concave border; axial lobe as broad as a 
fifth or less of the pygidium, conical and especially prominent near 
the posterior end where it is abruptly rounded off; pleural lobes 
gently inclined laterally ; caudal spine extending through the posterior 
borber. 

Observations :—A hypostoma procured from loc. 4 is similar to 
WALCOTT’s hypostoma of euclides. The central body is subelliptical, 
but incised in the hind part by a pair of depressions. The marginal 
border is thick on the postero-lateral sides. The posterior margin 
is straight and transversal and there is no spine. 

The above description of the craindium is chiefly based on the 
specimen from loc. 20. In addition there are a cranidium from loc. 
3 and another from loc. 4 which belong to the same kind. The 
glabella is relatively large and the eyes are located more posteriorly 
in the larger cranidium. 

There are many pygidia which were collected from locs. 3, 4, 
11, and 20. They are similar in the general outline of the pygidium 
but somewhat different in the dorsal relief and the development of 
the caudal spine. Through their comparison it is found as a general 
tendency that the axial lobe is more prominent, the marginal border 
better defined and the segmentation more distinctly impressed in 
small pygidia than in large ones. The segmentation is distinct in 
WALCOTT’s type pygidium of euclides which is small but obsolete in 
his type pygidium of albertensis which is larger. The caudal spine 
is well developed in two small ones from locs. 11 and 20 and a large 
one from loc. 8, but rudimentary in the largest one from loc. 3. 

Because the convexity varies to some extent among the pygidia 
at hand, I think, the type pygidium of albertensis may be no more 
than a large strongly convex form of euclides. 

It is probable that two or more species are included here, but 
those from the four localities are thought to belong to the same kind. 
The pygidia from loc. 17 are similar to them but more rounded. 

Comparison :—The hypostoma of this species is similar to that 
of Megalaspis acuticauda ANGELIN (SCHIMIDT, 1906, pl. 5, figs. 6-7), 
those of Asaphellus homfrayi (SALTER) (LAKE, 1942, pl. 45, figs. 1, 
5, 6, 8.) and Kayseraspis asaphelloides HARRINGTON (1988, pl. 10, figs. 
2, 15), but a tiny posterior spine usually present in these species is 
absent or unknown in this species. The glaberlla is ill-defined as in 
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Asaphellus, but the triangular pygidium with a caudal spine is 
strongly suggestive of its alliance with. Megalaspis. 
Occurrence :—Locs. 8, 4, 11, 20 and probably 17. 


Kayseraspis (?) sp. 
Plate IV, figures 13-14. 


This is quite similar to the preceding, but (1) the axis is less 
prominant, (2) its segmentation more obsolete, (3) the marginal rim 
broader and (4) the caudal spine issuing from the rim. The seg- 
mentation is, however, clearly seen in the exfoliated surface of a 
large pygidium. 

In the unfurrowed axial lobe this is more like the pygidium of 
“ Xenostegium” douglasensis than the preceding. In the nature of 
the caudal spine it agrees well with the two species of Kayseraspis 
from South America. The axial furrows are, however, much weaker 
in this than in those species. 

With the pygidium only no decision of such an asaphid can be 
made as to its generic determination. 

Occurrence :—Locs. 1 and 11. 


Genus Columbicephalus KOBAYASHI, new genus 


This genus is founded on Columbicephalus macrops, nov. having 
the oblong glabella, large semicircular palpebral lobe attached to its 
posterior and upturned triangular frontal brim. It is similar to 
certain primitive asaphids. For example, Niobe primoeva WESTERGARD 
(1922, pl. 2, fig. 25) which was later called Néobella aurora by the 
author (1939) reveals some similarity in the pre-ocular aspect. This 
shows some resemblance also with Asaphellus. In this genus, however, 
the palpebral lobe is extraordinarily large as in Haniwa and its allies 
and located posteriorly. In the preglabellar aspect it reminds one of 
Iioparia LORENZ (i.e. Yokusenia KOBAYASHI) (1987, 38). It is not 
improbable that it is a terminal form of the group which includes 
Haniwa and Inoparia. Further observations are given in the descrip- 
tion of the type species. 


Columbicephalas macrops KOBAYASHI, new species 
Plate V, figures 7a—b. 


Description: —Glabella large, oblong, its posterior part being 
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somewhat angulated along the axis and provided with two pairs of 
shallow depressions on the two sides of this blunt keel; occipital 
furrow shallow and relatively broad ; palpebral lobe large, semicircular, 
opposed in the posterior to the middle of the glabella and extended 
horizontally ; glabella abruptly inclined in the anterior toward the 
deep marginal groove whence the frontal brim is bent upward and 
forward; facial sutures nearly parallel to each other in the front of 
the eyes and run across the frontal brim diagonally to meet each 
other at the median point. Test smooth. 
Occurrence :—Loc. 10a. 


Subfamily Asaphinae GIRICH, 1908 
Genus Kirkella KOBAYASHI, 1942- 
Kirkella efr. vigilans (WHITTINGTON) 
Plate V, figures 12-17, plate VIII, figure 6. 


1948. cfr. Ptychocephalus vigilians WHITTINGTON, Jour. Pal. vol. 22, p. 256, pl. 82, 

figs. 1-7, pl. 83, figs. 1-11. 

The pygidium is pentagonal and fairly convex ; axial lobe elevated 
a little above the general convexity of the pygidium; segmentation 
indiscernible on the surface except the first pleural furrow which is, 
however, strong; facet in front of it steeply inclined and extending 
along the lateral margin as far as the lateral angle; marginal border 
almost as broad as pleural lobes. It agrees best with Kirkella 
vigilans among the six species of the genus. 

Beside some pygidia there are a cranidium and 2 free cheeks 
from loc. 3. The glabella is long, subquadrate, unfurrowed and 
slightly elevated; palpebral lobe large, close-set to the glabella; 
frontal border slightly depressed ; facial suture apparently isoteli-form. 

A small pygidium, 2mm. long, which is presumed to belong to 
this species has no postero-lateral angulation. The axis is more 
prominent and the border more strongly depressed than the adult 
form. 

A pygidium from loc. 17 isa little smaller than the one in fig. 15. 
They are almost the same in outline. The axial lobe is more promi- 
nent and the marginal border more depressed in the former than in 
the latter. In these respects the former resembles the pygidium of 
Kirkella declevita Ross. 
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There are some hypostomata from loc. 18 which are thought to 
belong probably to Kirkella, but they are different from those of 
vigilans, declevita and yersini in the broader and more rounded outline. 
If this kind of hypostoma goes with these parts of the dorsal shield, 
the species is evidently distinct from any of the known Kirekellas. 

Occurrence :—Locs. 13 and 17. 


Genus Protopresbynileus HINTZE, 1954 
Protopresbynileus (?) aff. willdent (HINTZE) 
Plate V, figures 18-19, plate VIII, figure 15. 


1951. aff. Pseudonileus willdent HINTZE, Utah Geol. Min. Surv. Bull. 48, p. 224, pl. 
15, figs. 14-17. 
1954. aff. Protopresbynileus willdenit HINTZE, Jour, Pal. Vol. 28, p. 119. 

Though a little broader, the pygidia from loc. 14 are allied to P. 
willdent in its gentle convexity, short triangular axial lobe, absent 
marginal border and particularly in the presence of a ventral node 
on the doublure. The inner margin of the doublure is remarkably 
sinuated along the axis. Internally the doublure is pitted on the 
axial line at a point a little behined the middle. 

A small pygidium of the same kind is contained in the collection 
from loc. 4. | 

Occurrence :—Locs. 4 and 14. 


Family Bathyuridae WALCOTT, 1886 
Genus Gonioteloides KOBAYASHI, new genus 


DMagnosis:—Pygidium triangular, devoid of either marginal rim 
or border, but there is a pseudoborder which is a doublure extending 
downward or even outward from the peripheral angulation of the 
dorsal shield ; axial lobe composed of 4 rings and a short caudal spine. 

Type species :—Gonioteloides monoceros KOBAYASHI, new species. 

Remark :—In the triangular outline of the pygidium and the caudal 
spine directly issued from the axial lobe this genus resembles Goniotelus 
ULRICH, 1927, Eleutherocentrus CLARK, 1935 and Goniotelina WHIT- 
TINGTON and Ross, 19538, whose types are Bathyurus perspicator 
BILLINGS, Eleutherocentrus petersoni CLARK and E. williamsoni Ross 
respectively. These species, however, have more numerous axial rings 
and a longer and more slender caudal spine. 
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G. monoceros looks especially similar to G. williamsoni, but inter- 
pleural furrows are present in that species. Ross states that G. 
williamsoni has a smooth marginal rim.. The presence of the pseudo- 
border and the absence of the marginal rim are most distinctive of 
this genus. Its family reference cannot be warranted until its 
cephalon will be found. 

Distribution :—Lower Ordovician; western Canada. 


Gonioteloides monoceros KOBAYASHI, new species 


Plate VI, figures 17a—b and 18a—b. 


Description :—Pygidium subtrapezoidal in outline, gently convex; 
periphery sharply angulate ; pseudoborder steeply inclined; axial lobe 
one third as broad as the pygidium, delimited by a dorsal furrow on 
each side, divided by three furrows into three rings and a terminal 
lobe which is in turn divided again by a remarkably arcuate shallow 
furrow into an anterior ring and a posterior spine; the fourth 
ring somewhat broader than the third ring; these four rings nearly 
equal in length; the spine short, lenticular in cross section, stout and 
gently sloping down, following the general curvature along the axis; 
side lobes divided into four ridges by three distinct furrows; the 
first ridge corresponding to the anterior band of the first pleura, 
roof-shaped with its summit near the first furrow and its anterior 
slope wide and concave ; succeeding three ridges gently convex, about 
the same in length but their breadth is reduced abruptly one after 
another and sharply truncated along the periphery; irregular fine 
subparallel striae running along the periphery and extend back along 
the lateral margin of the spine; pseudoborder extends from the 
periphery outward and downward, undulated and broadened on the 
two sides of the caudal spine; accordingly the outline of the pygidium 
proper triangular whereas its outline inclusive of the pseudoborder is 
trapezoidal; below the spine the margin of the doublure rises up in 
form of a broad cusp. Test smooth. 

Observation :—On the broken antero-lateral margin of a pygidium 
from loc. 19 the apparent border which is called a pseudoborder in 
the above description is known to be the doublure which is extended 
from the periphery of the dorsal shield distally, instead of proximally 
as usual. This is understood from the facts that. the pseudoborder 
in its section is not recurved inward at the end and that subparallel 
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but irregularly inosculating lines typical of the doublure are usually 
seen in the part of the pygidium. 
Occurrence :-—Locs. 2 and 19. 


Gonioteloides punctatus KOBAYASHI, new species 


Plate VI, figures 19a—b. 


A large pygidium is diagnostic of the genus but differs from 
the preceding in the points as follows: 

(1) Evenly convex pygidium without difference in convexity or 

prominence between the axial and pleural lobes. 

(2) Weakness of axial and transversal furrows. 

(3) Broader axial lobe relative to the pleural ones. 

(4) Equal strength of the fourth to the third ring furrow. 

(5) Similar outline of the third ring to the precedings. 

(6) Pitted test, externally as well as internally. 

(7) Subvertical doublure, or pseudoborder. 

Furthermore, as can be judged from its left margin, the caudal 
Spine is more stout in this than in the preceding species. 

Occurrence :—Loc. 7. 


Genus Licnocephala Ross, 1951 
Iicnocephala longa KOBAYASHI, new species. 
Plate VI, figure 16; plate VIII, figure 13. 


/ Two pygidia from loc. 18 are similar to those of L. bicornis 
Ross and L. (?) cavigladius HINTZE that they are thought congeneric. 
It is closer to HINTZE’s than Ross’ but still different in taller 
and triangular outline. The axial lobe which is composed of 4 rings 
and a long terminal lobe, is evidently longer than the axes of those 
two species. There are four sets of pleural and interpleural furrows. 
The pleural furrows are confined to the gently convex inner part, but 
the interpleural ones are extended far into the brim which is, as in 
the Dikelocephalidae, very broad and flat or even more or less concave. 
According to Ross (1958), Lienocephala is probably a bathyurid trilobite. 
An incomplete pygidium of Bathywrellus sp. described by POULSEN 
(1937) from the Cape Weber formation in East Greenland bears 
similarities to this species, but its outline is longer than this. 
Occurrence :—Loc. 138. 
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Genus Lachnostoma Ross, 1951 
Lachnostoma (?) sp. 
Plate V, figure 11. 


An asaphoid cranidium with a long glabella, constricted at the 
eyes; dorsal furrows strong behind the eyes but become weak in 
their front. From weak convexity however, it is justified that the 
glabella is expanded and rounded forward. On the exfoliate surface 
a distinct axial ridge extends as far back as a prominent tubercle. 
Palpebral lobes erected at a place about the mid-length of the 
glabella. Facial suture semicircular in front of the eye. 

The glabella in this species is unusually depressed, but the 
cranidium looks similar to Lachnostoma latucelsum Ross and also 
Hoekaspis schlagintweiti HARRINGTON and LEANZA in some aspects or 
others. The specimen is too poorly preserved to say much of its 
taxonomy. 

Occurrence :—Loe. 18. 


Order Conocoryphida SWINNERTON, 1915 
Family Ptychoparidae MATTHEW, 1887 
Subfamily Eulominae KOBAYASHI, new subfamily 


Euloma ANGELIN forms a group of the Ptychoparidae with 
Pareuloma RASETTI and Hulomelia, nov. Their dorsal shields are 
typical of ptychoparoids, but their glabellae are shorter and more 
quadrate and their pygidia shorter and smaller, if compared with 
Ptychoparia. There are usually two pairs of strong lateral furrows 
on the glabella and the anterior ones very weak when there are 
three pairs of furrows. The frontal limb and rim are convex and 
the groove between them is frequently pitted. The pitted frontal 
groove is unusual in the Ptychoparidae but common in these genera. 
The pits are, however, absent in Euloma laeve ANGELIN and Pareuloma 
impunctata RASETTI. 

The eyes at the mid-length of the cranidium and the divergent 
preocular sutures exclude the group from either the Olenidae or the 
Calymenidae. As pointed out by FREcH (1898), Huloma resembles 
Phalostoma, but still it is a ptychoparid rather than a calymenid. 

The sizes of the glabella and eyes are different among the three 
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genera of the Eulominae. They are small in Pareuloma. The glabella 
is much broader in Eulomella than in Euloma. The preglabellar 
swell as seen in some ptychoparid-genera is sometimes met with in 
a EHuloma or a Pareuloma. 

The anterior branches of the facial sutures are divergent in 
Scandinavian E. laeve, E. ornatum ANGELIN, E. primordiale WESTER- 
GARD (1909), British Conocoryphe monile SALTER and Bavarian Cono- 


cephalites geinitei BARRANDE. Huloma granulatum RUZICKA is quite 
different from them in the convergence of the sutures and diminution 


of the eyes. In Huloma mitratum RUZICKA (1926) for which Eulomina 
was instituted by the author (1931), the glabella is subtriangular, 
instead of subquadrate. In these Bohemian species the pygidium is 
emarginated at the rear where the post-axial ridge terminates. 
Euloma inexpectatum Hous (1912) is represented by a more normal 
pygidium, but without interpleural furrow. 

POMPECKJ and BROGGER considered Calymenopsis filacovi M. 
CHALMAS and BERGERON to be a member of Euloma. Like Eulomella 
it has the eyes close to the glabella, but the glabella is not so large 


as that of Eulomella. This as well as RUZICKA’s two species are not 
typical of the Eulominae, but may be included in the subfamily as 
aberrant forms. 

I have once combined Huloma and Loganellus with Richardsonella 
in the Richardsonellinae of the Dikelocephalidae (1985), but as dis- 
cussed lately (1953), it is more reasonable to refer the Richardsonel- 
linae, s. str. to the Kainellidae. Neither Huloma nor Loganellus 
belongs to the subfamily in the restricted sense. Loganellus is closely 
related to Levisella RASETTI, but not so much with Huloma. They 
have narrower fixed cheeks than the Eulominae. In other words, 
the glabella is more developed in them than in the Eulominae. The 
eyes are generally small in them. The thorax is composed of 13 
segments in #. monile and 12 segments in Loganellus logani (DEVINE). 
The pygidium is larger and the axis provided with more segments 
in the latter than in the former. Loganellus and its allies were 
probably derived from the common stock with Euloma, but they 
appears to represent an Upper Cambrian branch by themselves. 


Genus Hulomella KOBAYASHI, new genus 


Similar to Euloma but the glabella is much broader and provided 
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with three pairs of lateral furrows. 
Type species :—Eulomella mckayensis KOBAYASHI, new species. 
Distribution :—Lower Canadian; western Canada. 


Eulomella mckayensis KOBAYASHI, new species 
Plate VI, figure 3; plate IX, figure 1. 


Description :—Cranidium broad; glabella subquadrate, convex and 
provided with three pairs of lateral furrows; eyes large connected 
with the glabella by palpebral ridges; frontal limb large, vertically 
striated ; frontal rim convex; frontal groove pitted; anterior facial 
sutures slightly divergent; median tubercle present on the occipital 
ring. 

Comparison:—This is allied to Huloma more closely than any 
Canadian trilobite which I know of. It agrees with Euloma in major 
aspects, but the glabella is much broader in this than in Euloma. 
In fact it is twice broader than a fixed cheek at the eye. It is not 
expanded in the middle and rounded at the antero-lateral corners. 
The posterior furrows on the glabella are not geniculate; dorsal 
furrows not pitted at the anterior end; cheeks not elevated toward 
the eyes so highly as in Huloma ornatum ANGELIN. 

The eyes are imperfectly preserved, but can be judged as large 
as those of that species. The eye ridges are weak, but well marked 
from the depressed frontal limb. How long is the posterior limb of 
the fixed cheek, is indeterminable, because it is broken off. 

Occurrence :—Loc. 18. 


Subfamily Elviniinae KOBAYASHI, 1935 
Genus Neotaentcephalus KOBAYASHI, new genus 


Diagnosis ;—Cranidium subtrapezoidal, strongly convex, steeply 
inclined laterally; glabella of medium size, truncato-conical, clearly 
defined by dorsal furrows, but devoid of lateral furrows; eyes at 
the mid-length, moderate in size; no distinct eye-ridge; frontal limb 
crossed by longitudinal striae; frontal rim nearly flat. 

Type species :—Neotaenicephalus obsoleta KOBAYASHI, new species. 

Remark :—This is similar to Taenicephalus, Conaspis, Lilvinia and 
Moosia and agrees better with the former two than the latter two 
in size. The complete obsoletion of lateral furrows on the surface is 
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its distinction from all of these genera. It is, however, probable 
that it was derived from Taenicephalus by effacement of the furrows. 
Distributton :—Lower Ordovician ; western Canada. 


Neotaenicephalus obsoleta KOBAYASHI, new species 
Plate VI, figures 12a—b; plate IX, figures 9a—b. 


Description :—Cranidium somewhat trapezoidal in outline and 
remarkably convex; glabella medium in size, truncato-conical, unfur- 
rowed except the occipital one; its breadth almost the same as the 
length of the glabella exclusive of the neck ring, but reduced to a 
half at the front; occipital furrow undulated with forward convexity 
in the middle and with forward bending near the lateral ends; 
occipital ring slightly thickened in the middle part; circumglabellar 
furrows deep and pitted at the antero-lateral angles; eyes of medium 
size, located at about the mid-length of the cranidium and raised to 
the same height with the top of the glabella; vestige of the eye-line 
seen only near the anterior end of the eye; fixed cheek at the eye 
half as broad as the glabella; its posterior limb well developed and 
steeply inclined laterally ; frontal limb convex, as wide as the fixed 
cheek at the eye, abruptly bent down in front of the eye and 
striated faintly by longitudinal lines; frontal rim a little narrower ~ 
than the limb and nearly flat; facial suture directed a little laterally 
than to the due front but incurved after crossing the marginal 
furrow ; its posterior branch somewhat sigmoidal and abruptly bent 
back where it crosses the posterior rim which is thickened distally. 
Test smooth except the frontal limb. 

Occurrence :—Loc. 24. 


Genus Vermilionites KOBAYASHI, new genus. 


Diagnosis :—Cranidium with a large truncato-conical, strongly 
convex and unfurrowed glabella, large eyes and narrow frontal limb 
and fixed cheek and thick convex frontal rim. 

T'ype species :—Vermilionites bisulcatus KOBAYASHI, new species. 

Remark :—This looks like a Cambrian rather than an Ordovician 
trilobite. It has the cranidium resembling Maladia, and Resseraspis, 
but the eye-bands are much larger, the frontal rim is thicker and 
the glabella in proportion to the eranidium smaller, if Vermilionites 
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is compared with Maladia. In addition to these distictions the 
presence of the eye-ridge, convex frontal rim and pustulate frontal 
limb distinguish this genus from Neotaenicephalus. 

Incidentally, Resseraspis is more allied to Maladia than Lecanopyge 
in the cranidium. Perceptible differences of the first from the second 
are dimininution of the eyes and their approach to the glabella. In 
Lecanopyge expansa RAYMOND (1987) the glabella is remarkably 
expanded posteally, frontal limb quite reduced and the frontal rim 
upturned. The pygidium on which Resseraspis carinata RASSETI 
(1945) was based, however, can easily be distinguished from Maladia 
and Lecanopyge by its post-axial ridge and entire margin of the 
pygidium. 

V. sulcatus is found together with Leiostegium (Evansaspis) 
glabrum at loc. 8, while RAYMOND’s cranidium of Crepicephalus sp. 
indt. (1925, pl. 2, fig. 4) is found associated with D. (EH. 2) 
ceratopygoides. His cranidium, 4mm. long, may be an immature 
one possibly of this genus, because it bears several characteristics 
of this genus. It, however, has “a pair of pits in the circumglabellar 
furrow near its anterior end,” and “obscure traces of three pits” 
in the frontal furrow with which he suggested Crepicephalus for it. 

These pits are however, so weak that they are unrepresented in 
the illustration. The eye-ridges are apparently absent and the eye- 
bands so far preserved in the specimen look smaller than those of 
the type species. Therefore it needs more materials to confirm its 
generic position : 

Distribution :—Lower Ordovician ; western Canada. 


Vermilionites bisulcatus KOBAYASHI, new species. 
Plate VI, figure 4; plate IX, figure 2. 


Description :—Glabella large, truncato-conical, as long as broad, 
strongly convex, surrounded by deep dorsal furrows; its frontal 
margin almost half as broad as the occipital ring; no lateral furrows ; 
occipital furrow deep; eye-band very large, occupying the middle 
half-length of the cranidium and connected with the glabella by a 
distinct eye-ridge; fixed cheek at the eye half as broad as the 
glabella ; frontal limb and rim strongly convex, the former being only 
a little longer than the latter and they are separated from each other 
by a deep furrow; the rim somewhat narrows laterally; facial 
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sutures a little divergent in the anterior to the eyes. Test smooth 
except for the preglabellar field where some pustules are present. 

Comparison:—It is not unlike paucipustulate forms of Hystricurus, 

H. politus Ross, for example. But this is, I think, unrelated to 

the Solenopleuridae because the glabella is not so ovoid as usual in 
the family. In this species the frontal rim is arched medially but 
not very strongly. It has a pronounced eye-ridge which is absent 
in Hystricurus. 

Occurrence :—Loce. 8. 


Family Solenopleuridae ANGELIN, 1854. 
Genus Hystricurus RAYMOND, 1918. 


Hystricurus platypleurus KOBAYASHI, new species. 
Plate VI, figure 6. 


Pygidium semicircular ; pleural lobes horizontal in the major part, 
but abruptly sloping down near the narrow flat marginal border ; 
axial lobe as wide as the pleural platform, composed of 4 rings and 
a terminal lobe the last of which lies on the peripheral slope and 
abruptly tapers back; four pleural furrows radiate from the axial 
lobe; interpleural furrows absent; marginal border by no means 
arched up at the rear; test with fine granules. 

Hystricuroid cephala are now splitted into Hystricurus, Parahys- 
tricurus, and a few others, but their corresponding distinction on 
the pygidia is not yet well known. By this reason this pygidium is 
referred to Hystricurus, s.1. 

In the collection from loc. 2 there are three kinds of pygidia 
which bear hystricuroid lookings. This pygidium is similar to 
Dimeropygiella eos, but the terminal lobe is not bisected and the 
interpleural furrows are effaced. 

Occurrence :—Loc. 2. 


Hystricurus cfr. genalatus Ross 
Plate VI, figures 1-2. 


1951. cfr. Hystricurus genalatus Ross, Peabody Mus. Nat. Hist. Bull. 6, p. 40, pl. 
8, figs. 1-13, pl. 9, figs. 1-13, 17-19. 

1952. cfr. Hystricwrus genalatus HINTZE, Utah Geol. and Min. Surv. Bull. 48, p. 164, 
pl. 6, figs. 1-6. 
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A cranidium and free cheek both having similarly granulate tests 
are found close-set on a piece of limestone. Glabella ovoid, strongly 
vaulted, devoid of lateral furrows; circum-glabellar and occipital 
furrows very strong; occipital ring convex and thickened in the 
middle ; fixed cheek strongly convex and narrows at the point of the 
eye; ocular ridge indistinct, but apparently present; frontal limb 
and rim narrow, convex and separated from each other by a furrow. 

The preglabellar area is poorly preserved in the cranidium, but 
the free cheek shows clearly a raised lateral rim, strong marginal 
furrow and medium sized eye. In its width this form fits evidently 
better with H. genalatus than with H. paragenalatus Ross. 

Occurrence :—Loc. 24. 


Aystricurus sp. 
Plate VI, figure 8. 


A small pygidium twice broader than long, sublenticular in 
outline; posterior margin transversal or slightly sinuate; axial lobe 
a fourth as wide as the pygidium, strongly convex, composed of 3 
or more rings and a terminal lobe which is abruptly rounded off at 
a short distance from the posterior margin; pleural lobe moderately 
convex, divided into 3 pleurae by furrows which are each divided 
into two tuberculate ridges by a secondary furrow; marginal border 
concave, depressed and narrowing posteriorly. 

Occurrence :—Loc. 22. No other part of a hystricuroid is found in 
the collection from this locality. 


Hystricurus (?) sp. 


Occurrence :—An imperfect cranidium of a hystricuroid is found 
contained in the collection from loc. 23. It is granulated. It is quite 
distinct from Hystricurus cfr. genalatus in the more quadrate and 
less convex glabella and distinct lateral furrows. 


Genus Parahystricurus Ross, 1951 
Parahystricurus (?) sp. 
Plate VI, figure 7. 


Pygidium subtriangular, twice broader than long ; axial lobe 
conical, half as broad as the pleural lobe, composed of 3 rings and a 
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terminal lobe; pleural lobe flat, subhorizontal on the inner side but 
steeply inclined on the outer; three interpleural furrows running 
across the lobe in crossing the marginal groove; first pleural furrow 
strong on the flat inner portion, but the succeeding ones are very 
weak; pleural ribs become prominent at the boundary between the 
inner and outer portions; test granulose. 

This pygidium bears common features with Ross’ pygidia in figs. 
6, 11 and 15 (from E zone) and in figs. 33 and 36 (from F zone) on 
pl. 19 (1951). The author noted that the former of the two is 
possibly referable to Parahystricurus carinatus. The present one is 
closer to the latter one in the broad outline with the straight anterior 
margin, (see also HINTZE, 1952, pl. 8, figs. 13a—-b), but still different in 
the oblique truncation at the lateral ends of the anterior margin. 

Occurrence :—Loc. 2. No hystricuroid cranidium is found in the 
collection from this locality. 


Genus Clelandia COSSMANN, 1902 
Clelandia (?) sp. 
Plate VI, figures 5a-b. 


Pygidium broad, somewhat elliptical in outline; axial lobe a 
fourth of the pygidial breadth, subcylindrical, but abruptly narrowing 
at the rear and divided into 4 rings or so; pleural lobes horizontal 
on the inner side, but gradually curving down on the outer; pleural 
and interpleural furrows of similar strength running from the axis 
to the periphery; pleural ribs tuberculate on the top; no marginal 
border ; marginal part subvertical. 

This pygidium resembles that of Clelandia utahensis Ross (1951, 
pl. 29, figs. 4, 6, 7; HINTZE, 1952, pl. 4, figs. 5a-b) in the curvature 
of the pygidium and the mode of segmentation, but is much broader 
and its axis narrower. 

Occurrence :—Loc. 2. 


Genus Dimeropygiella Ross, 1951 
Dimeropygiella eos KOBAYASHI, new species 
Plate VI, figure 10. 


Description :—Pygidium strongly convex, about twice broader 
than long ; anterior margin truncated obliquely on the lateral side; 
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lateral margin well rounded ; posterior margin nearly straight ; axial 
lobe conical, elevated above pleural platforms, composed of 5 rings 
and a triangular terminal lobe; fifth one divided into two buttons 
by a mesial depression; terminal lobe faintly outlined and sloping 
down from the fifth ring; dorsal furrows distinct as far back as 
the fifth ring whence they become very weak ; pleural lobes horizontal 
on the proximal side, but steeply inclined on the distal side, divided 
into ridges by 4 strong pleural furrows which are somewhat broadened 
in the distal part beyond the periphery of the platforms ; interpleural 
furrow shallower than the pleural one but still quite distinct on the 
second ridge; marginal rim narrow, subhorizontal and not bent up 
at the rear; axial rings and pleural ridges tuberculate but furrows 
and marginal rim are smooth; tuberculation pronounced along the 
flexed zone between the platform and marginal slope. 

Comparison:—At a glance it reminds me of Aystricurus, but 
certain significant characteristics are quite suggestive of Dimero- 
pygiella. Namely, the most posterior axial ring is bisected and 
pleural lobes from platforms on the proximal side. 

The terminal lobe of the axis is obscure in D. caudanodosa Ross 
and D. blanda HINTzE, but in D. ovata HINTZE it is clearly defined on 
the two sides by profound grooves. Undivided rings are 3 in ovata 
and blanda, 5 in caudanodosa and 4 in this species. Pleural furrows 
of this pygidium are, however, not so deep as in those species of 
Dimeropygiella, but more like those of Hystricurus. In the outline 
of the pygidium it is more allied to the latter than the former genus. 

It was shown by Ross (1958) that the arrangement of pustules 
on the glabella and its lateral sides in the immature stage of 
Dimeropygiella caudanodosa is similar to that found in immature 
Hystricurus and Parahystricurus, while in the possession of a rostral 
plate it agrees with Dimeropyge and Tornquistia. The median spine 
of the plate is, however, its speciality. It is probable that Dimero- 
pygiella was derived from Hystricurus by convergence of the anterior 
facial sutures, specialization of the pygidial axis and so forth. 

Occurrence :—Loc. 7. 


Family Emmerichellidae KOBAYASHI, 1935 
Genus Metabowmania KOBAYASHI, new genus. 


Diagnosis :—Cranidium distinctly but gradually geniculated at 


458 T. KOBAYASHI 


about a third from the base; glabella very short, ovate, strongly 
convex and unfurrowed, but the occipital ring is clearly defined by 
a furrow; eyes medium sized; ocular ridge indiscernible; frontal 
brim very large, as long as the glabella; frontal rim wire-like and 
‘a little arcuate. 

Type species :—Metabowmania latilimbata KOBAYASHI, new species. 

Remark :—It has several characters common with Bowman, 
but the latter has two pairs of short glabellar furrows, distinct eye 
ridge and the well rounded frontal outline suggesting that the free 
cheek is much smaller than that of Metabowmania. 

In Stenocombus princeps RAYMOND (1937) the facial sutures are 
convergent forward and the glabella is cylindrical, the frontal rim 
thicker and frontal limb shorter than in Metabowmania. Nevertheless 
they may be related to each other. 

As noted elsewhere (KOBAYASHI, 1934), Leptopilus declivis 
RAYMOND belongs most probably to the Emmerichellidae. It can 
easily be distinguished from Metabowmania by its slender cylindrical 
glabella, presence of the median tubercle on the occipital ring and 
wide divergence of the anterior facial sutures. 

I think, however, that Leptopilus and Stenocombus are allied to 
Bowmania, Metabowmania and Probowmania as indicated by coinci- 
dence in some major characteristics. 

Distribution :—Lower Ordovician ; western Canada. 


Metabowmania latilimbata KOBAYASHI, new species. 
Plate VI, figure 13; plate VIII, figure 9; plate IX, figures 7a—b. 


Description :—Cranidium gently convex, but bent down more or 
less abruptly in the posterior to the middle; glabella small, elongately 
ovate, bulbous and clearly outlined by deep furrows, but having no 
lateral ones; occipital ring separated from the glabella proper by a 
deep furrow and thickened toward the axis; fixed cheek nearly as 
wide as the glabella; eyes fairly large, located a little anterior to 
the middle of the glabella and widely apart from the glabella; 
ocular ridge absent; frontal brim large, gently convex, gradually 
inclined forward and rather abruptly bent down near the lateral 
ends; frontal rim wire-like, separated from the frontal limb by a 
narrow furrow; facial suture straight forward from the eye but 
recurving abruptly on the rim. Test smooth. 
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Observation :—A free cheek found in the same slab from loc: 12 
with an imperfect cranidium of this species has a genal spine. 
Occurrence :—Locs. 2 and 12. 


Genus Amechilus Ross, 1951 


Ross (1951) compared Amechilus with Hypothetica having abnor- 
mal sutures and an unusually well developed marginal border. 
Amechilus looks to me more allied to Leptopilus RAYMOND. There 
are of course differences enough for their generic distinction. The 
glabella is cylindrical in L. declivis and long ovoid in A. tuberculata 
and intermediate in A. palaora. They are all short and narrow, the 
eyes being at the similar position. In Amechilus the anterior sutures 
are shifted inward, while the posterior ones are extended laterally. 
At the same time the convexity of the frontal limb is reduced. Such 
changes are frequently met with in the evolution of other trilobites. 
Therefore it is possible that Leptopilus is a collateral ancester of 
Amechilus. 

As noted elsewhere (1935), Leptopilus is similar to Changshania 
on one side and E'mmerichella on the other. It looks more distant from 
Inostracina with which Hupfé combined it in the same family (1953). 


Amechilus tuberculatus KOBAYASHI, new species 
Plate VI, figure 11. 


Description :—Glabella short, half as long as the cranidium, long, 
ovate, strongly convex, distinctly elevated above the slightly inflated 
surroundings; a pair of weak lateral furrows extending obliquely 
from the lateral margin into the rear of the glabella; occipital 
furrow distinct and transversal; occipital ring thickened in the middle; 
dorsal furrow very strong; eyes of medium size, located at the mid- 
length of the cranidium, opposed at the anterior part of the glabella ; 
no eye-ridge, but a shallow depression is seen on the cheek along 
the supposed position of the ridge; fixed cheek as wide as the gla- 
bella at the eye, but its posterior limb is far elongated laterally ; 
frontal limb gently convex, as long as the glabella exclusive of the 
occipital ring; frontal limb depressed and narrow, but a little 
broadened toward the median point; facial sutures slightly divergent 
forward from the eyes; surface ornamented with minute tubercles. 
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Comparison:—In the major characteristics this agrees with 
Amechilus palaora Ross which is represented by minute cranidia, 
about 2mm. long or about a fourth as long as the holotype cranidium 
of this species. While this is a member of the Kainella-Evansasypis 
fauna, his species was procured from the E zone of the Garden City 
formation which is thought to be about the same age. 

Its careful comparison with A. palaora shows that the glabella 
is more conical and probably more convex, the occipital ring narrows 
laterally, the eyes are located more anteriorly, the posterior limb of 
the fixed cheek is not pronouncedly dilated near the lateral end and 
the frontal rim narrower and distinctly depressed below the limb in 
his species. 

Metabowmania latilimbata has a distinctly geniculate cranidium, 
still shorter, more ovate and convex glabella and the eyes at the 
more posterior position. The course of the anterior suture is not 
much different between the two species, but it is remarkable that 
the frontal rim is nearly straight and wire-like in M. latalimbata, 
but arcute, flattened and mesially thickened in this species. 

Occurrence :—Loc. 2. 


Genus Macroculites KOBAYASHI, new genus 


Diagnosis :—Cranidium with very long and narrow longiconic 
glabella, large semicircular thick eye-band and depressed narrow 
brim. 

Type species :—Macroculites enigmaticus KOBAYASHI, new species. 

Remark:—As further observations will be found in the descrip- 
tion of the type species, this is a peculiar trilobite. Leptopilus 
declivis RAYMOND (1924) has a cylindrical glabella but not so long. 
Its eyes are neither so large nor so convex as in this genus. RAyY- 
MOND placed Leptopilus in the Stygidae, but as discussed elsewhere 
(1934), the genus looks to me likely a member of the Emmerichel- 
lidae. 

In the cylindrical glabella this genus resembles Teinistion MONKE 
(1903), but in Teinistion the eyes are not so large and the frontal 
rim is distinctly convex, instead of concave in this genus. 

In the large semicircular eye-band attached to the glabella this 
genus may be compared with the Kainellidae. Pseudokainella which 
is the most similar to this in that family has a cylindrical glabella 
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clearly outlined by dorsal furrows, but it is not so narrow and long 
as in this genus. A distinct rim usually present in the Kainellidae 
is another distinction from this genus. 

In the aspect of eye-bands it resembles also the Anomocarinae 
POULSEN, especially Haniwa and Haniwoides. Like in this genus the 
preglabellar area is simply concave in Haniwoides, but it is much 
longer in that genus. The glabella is usually shorter, broader and 
less convex and eye-bands are more slender in the Anomocarinae. 

In the development of the eye-bands it is comparable with the 
Redlichidae and Dolichometopinae. In the Dolichometopinae the 
bands are generally detached from the glabella at their posterior 
ends, except in Acheilops. The concave frontal brim of moderate 
size excludes this genus from the Dolichometopinae. The relation of 
this genus to the Redlichidae is presumed to be not close not only 
because of the long time difference between them but also because 
of the difference in the aspect of the preglabellar field. 

Thus it is a question what family should this trilobite be put in. 
It is very tentative to put it in the Emmerichellidae. There is a 
pygidium contained in a small slab with the type cranidium. In size 
they are not improbable to belong to this form, but their combination 
needs much caution. 

Distribution :—Lower Ordovician; western Canada. 


Macroculites enigmaticus KOBAYASHI, new species. 
Plate VI, figure 14; plate IX, figures 6a~b. 


Description :—Cranidium with a long, cylindrical glabella about 
twice longer than broad, and a little expanded in the posterior part ; 
two lateral furrows in the posterior half of the glabella cut into the 
glabella for a short distance; occipital furrow equally strong through 
its whole length; neck ring a little broadened in the middle; dorsal 
furrows conspicuously pronounced; eye-band large, semicircular, 
convex, broad, extending directly from the frontal lobe of the glabella 
and terminating at a short distance from the posterior lateral lobe; 
frontal brim short, depressed and concave; facial suture runnnig for- 
ward and inward from a point on the eye-band at about a fourth of 
its length from the glabella; test smooth. The posterior limb of the 
fixed cheek is mostly unpreserved. 

Occurrence :—Loc. 24. 
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Macroculttes (?) sp. 
Plate VI, figures 15a—b. 


A pygidium found in association with Macroculites enigmaticum 
is semicircular in outline; axial lobe breviconic, but not strongly con- 
vex and only a little elevated above the horizontal side-lobes ; these 
lobes, however, abruptly bent down near their periphery and merge 
into subvertical marginal border without any furrow; dorsal furrow 
strong; only an anterior ridge well marked by a furrow on the axial 
or pleural lobe. 

The last thoracic segment is attached to the pygidium. It is 
similarly bent on the lateral sides as the pygidium and truncated at 
the ends. A furrow crosses the pleura diagonally; anterior ridge 
along the furrow forms the wall of a facetted area. 

This resembles Ross’ two undescribed pygidia (1950, pl. 30, figs. 
13-16, and 20-21, 24), but in this pygidium the marginal border is 
more steeply inclined and the pleural furrow does not extend very 
far from the pleural platform. 

Occurrence :—Loc. 24. 


Family Olenidae BURMEISTER, 1843 


The former tripartation of this family (WESTERGARD, 1922, 
KOBAYASHI, 1934) was lately emended by HARRINGTON and LEANZA 
(1952). The elimination of Triarthrus from the Protopeltura branch 
led them to the proposal of a new subfamily, Pelturinae. Because 
Parabolinella and Triarthrus are most probably direct derivatives from 
the Olenus stock, now I think it better to include the Triarthrinae, 
s. str. in the Oleninae. 

As recently summarized by WILSON (1954), it is known at present 
that Parabolinella was widely distributed in North America in the 
late Upper Cambrian period. In the Lower Ordovician fauna of 
British Columbia the Olenidae are well represented by some genera 
and species. The distribution of the family in the two periods is 
known to be much wider than used to be considered, 

Insofar as the cranidium is concerned, now I think that there 
is no objection against the placing of Upper Cambrian Tostonia or 
Lower Ordovician Moxonia in the Olenidae. The pygidium of 7. tole 
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has distinct interpleural furrows, characteristic of the Olenidae. 
Sphaerophthalmella is a new genus here added to the Leptoplastinae. 


Subfamily Oleninae KOBAYASHI, 1953 
Genus Parabolinella BROGGER, 1882 
Parabolinella bisulcata KOBAYASHI, new species 
Plate VII, figures 18-19. 


Description :—Glabella clearly outlined by narrow dorsal furrows, 
slightly longer than broad, subquadrate, a little narrowing forward, 
broadly rounded in front, gently convex, elevating toward its center 
and provided with two pairs of short oblique lateral furrows; occi- 
pital furrow transversal; median tubercle present on the occipital 
ring ; eyes small, located anteriorly and connected with the frontal 
lobe of the glabella by a ridge which is nearly transversal; fixed 
cheeks inclined laterally, narrower than a half of the glabella, but 
its posterior limb is large and subtriangular; frontal limb large and 
crossed by fine subvertical striae; frontal rim a little arcuate, very 
narrow and raised; anterior facial sutures slightly divergent in front 
of the eyes. 

Comparison :—Among the North American species of Parabolinella 
it is most closely allied to P. lineatopunctata KOBAYASHI (1936), but 
the lack of punctation in the marginal furrow is the distinction. The 
eyes are smaller and located more anteally than in P. evansi KOBAYASHI. 
While only two pairs of lateral glabellar furrows are present in these 
three species, P. incerta RASETTI has three pairs. The frontal limb 
is narrow and the cranidium remarkably broadened posteriorly in the 
last species. 

Occurrence :—Two cranidia from loc. 19, one of which appears to 
be compressed a little laterally. 


Subfamily Leptoplastinae ANGELIN, 1854 
Genus Sphaerophthalmella KOBAYASHI, new genus 


Similar to Sphaerophthalmus, but the two pairs of lateral furrows 
are subequal in strength and length and disconnected on the axis of 
the glabella as in Ctenopyge; eyes located posteriorly, longer than 
that of other leptoplastids. Associated pygidium triangular as in 
Sphaerophthalmus. 
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Type species: — Sphaerophthalmella inexpectans KOBAYASHI, new 
species. : 

Remark :—It is certainly a remarkable fact that this genus is 
more related to the typical Atlantic trilobites than any of American 
ones. Further observations are found in the description of the 
monotypic species. 

Distribution :—Lower Ordovician; western Canada. 


Sphaerophthalmella inexpectans KOBAYASHI, new species 


Plate VII, figures 10a—b and 11; plate IX, figures 12a-b. 


Description :—Cranidium broad, trilobed by deep dorsal furrows 
into a glabella and two fixed cheeks of subequal breadth, each 
strongly swelling up; glabella a little larger and more elevated than 
the cheeks, slightly tapering forward, rounded in front, reaching the 
frontal furrow and laterally incised by two pairs of short oblique 
lateral furrows; occipital furrow distinct and slightly arcuate upward ; 
occipital ring thickened toward the middle; eyes almost half as long 
as the fixed cheek, somewhat arcuate, subvertical and located far 
back; eye-ridge narrow, weak, directed toward the frontal lobe; 
occipital lobe transversal ; frontal rim thick, convex, bent up mesially, 
separated from the glabella by a deep furrow ; anterior facial sutures 
extending inward from the eyes; test smooth. 

Associated pygidium is triangular in outline and provided witha 
narrow depressed rim; axial lobe conical, almost a third as broad as 
the pygidium, composed of about 5 rings and a terminal lobe, and 
elevated above the nearly flat and unfurrowed pleural lobes. 

Comparison :—In the presence of the eye-ridge and weakening of 
the posterior furrow on the glabellar axis this is more allied to 
Sphaerophthalmus major LAKE (in WESTERGARD, 1922, pl. 13, fig. 16) 
than any of that genus. 

Boeckia mobergi WIMAN inclusive of Boeckia jarensis ST#RMER 
(1921) is so closely allied to this species that they are thought at 
first possibly congeneric. Compared to this, however, the glabella is 
more quadrate and longer, eyes a little smaller and the frontal groove 
and rim less developed in the Scandinavian species. The eyes are 
still smaller and located at the middle in the length of the cranidium 
in Boeckia hirsuta BROGGER which is the type of Boeckia BROGGER. 

Occurrence :—Loc. 19. 
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Subfamily Pelturinae HARRINGTON and LEANZA, 1952. 
Genus Peltwra MILNE-EDWARDS, 1840 
Peltura pacifica KOBAYASHI, new species 
Plate VII, figures 14-17. 


Description :—Cranidium gently convex; glabella large, sub- 
quadrate, rounded in front, outlined by deep dorsal furrows, divided 
into a large frontal and two short lateral lobes by oblique furrows 
in two pairs which are disconnected from each other on the axis; 
occipital furrow subparallel to those lateral furrows, but runs across 
the glabella and more or less convex forward in the middle part; 
occipital ring bears a median tubercle; palpebral lobe small, located 
in the level through the middle of the frontal lobe and the interspace 
crossed by an eye-ridge; posterior limb of the fixed cheek as broad 
as a half of the glabella, inclined laterally; frontal rim separated 
from the glabella by a deep groove, and near the eyes there are a 
small depressed area; frontal groove punctated with fairly regular 
intervals; facial sutures anterior to the eyes very short and sub- 
parallel; their posterior branches running diagonally but with weak 
convexity toward the lateral sides. 

Observation :—There are three cranidia beside a free cheek and 
a few fragmentary thoracic segments. The cheek is narrow and 
bears a genal spine. The test of this specimen is partly exfoliated. 
A pleura of the thoracic segment seems to be pointed at the lateral 
end but not prolonged into a spine. A furrow runs across the pleura 
diagonally. 

Comparison :—According to BROGGER Protopeltura has genal spines 
but not Pelfura s. str. WESTERGARD, however, included in it Peltwra 
cornigera WESTERGARD which has genal spines. Generally speaking, 
the cranidium and fixed cheeks are narrower in Peltura than in 
Protopeltura. 

In the large glabella which reaches the punctate frontal furrow, 
this species is quite similar to Peltura punctata CROSSFIELD and 
SKEAT from the British Tremadoc. The glabella in this species is, 
however, not expanded near the anterior margin as in that species, 
but forms rounded corners. The British species has no genal spine. 
Though narrow, there is a frontal limb in Protopeltwra granulosa 
HARRINGTON and in Peltwra(?) sp. from Argentina. Judging from 
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the anterior small eyes it is not a Triarthrus. 

This is allied to Westergardites pelturaeformis TROEDSSON (1937), 
but the glabella is much broader, the eye lines take more anterior 
courses, and eyes are apparently more atrophied in that species. 

Occurrence :—Loc. 9. 


Peltura canadensis KOBAYASHI, new species 


Plate VII, figure 20. 


This is represented by a cranidium quite similar to the preceding, 
but the glabella is relatively long, its frontal lobe small in proportion 
to the two lateral lobes and the eye-ridge practically obsolete. As in 
P. pacifica, two pairs of lateral furrows are oblique to the axis, eyes 
small and located far anteriorly and the frontal furrow which 
separates a narrow rim and limb is pitted. The cranidium contained 
in the limestone is gently convex and its cireum-glabellar furrow not 
so strong as in the preceding species. 

Occurrence :—Loc. 20. 


Genus Jujuyaspis KOBAYASHI, 19386 


I proposed this generic name for Jujwyaspis keideli KOBAYASHI, 
(1936). It has no genal spine, but its facial suture cutting the lateral 
margin in front of a distinct genal angle, must be proparian. Sub- 
sequently its proparian nature was vindicated by Jujuyaspis steinmannt 
KOBAYASHI having the genal angle. Lately HARRINGTON and LEANZA 
(1952) proposed Salteraspis for J. steinmannit because their keideli is 
opisthoparian. It is then a question whether keideli is really pro- 
parian or opisthoparian. 

The type specimens of keideli have a distinct postero-lateral 
angle on each fixed cheek. As clearly shown in fig. 7 in my paper 
(1936), the facial suture is transversal and cuts the margin of the 
cheek at some distance anterior to the angulation. Though somewhat 
obtuse, the angulation is also seen in Jujuyaspis borealis and the 
transversal posterior branch of the suture cuts the margin in front 
of the genal angle. Therefore the sutures of these trilobites are 
proparian, unless the angles are regarded intergenal, instead of genal. 
The angle in my keideli, however, is located at the point where the 
genal spine springs out in most other trilobites. 
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If HARRINGTON and LEANZA’s keideli is compared with mine, 
there are some differences. Namely the glabella is more quadrate 
and the eyes are more widely apart from it in their form. Combined 
with the opisthoparian suture, or better to say the gonatoparian 
suture, these differences may be sufficient for specific distinction. 
Therefore I take the pleasure to denominate their gonatoparian 
keideli as Jujuyaspis harringtont (nov.) in honour of Dr. Horacio J. 
HARRINGTON, a distinguished contributor to the knowledge on the 
Ho-Palaeozoic of South America. 

Because harringtont and keidelt are so similar that the two have 
been considered an identical species by them, I do not intend to 
distinguish them in any higher rank than specific. I think it reasonable 
to consider in the case of Jujuyaspis that the facial suture looses its 
high value for classification. By this reason Salteraspis may be 
synonymized with Jujuyaspis. 

Another proparian olenid was recently described from the upper 
Olenidian of Sweden. It is Jujuyaspis (?) robusta TJERNVICK, 1953, 
from the subzone with Peltura scaraboecides and Sphaerophthalmus at 
Nerike. It has a genal spine. As the author reserved some question, 
it agrees better with Acerocare than Jujwyaspis in biocharacters other 
than the facial suture. It is, therefore, certainly an important fact 
that proparian forms appeared twice or more in different branches 
of the Pelturinae in the phylogerontic stage of the Olenidae. 


Jujuyaspis borealis KOBAYASHI, new species 
Plate VII, figures 12 and 13a—b. 


Description:—Cranidium strongly convex, steeply slant on the 
lateral sides; glabella outlined by dorsal furrows, long, subconical, 
narrower than a third of the cranidium, rounded in front and un- 
furrowed except an occipital furrow; occipital ring thickened toward 
the middle ; eyes small, longitudinally elongated, located far anteriorly 
and close to the glabella; ocular ridge absent; postero-lateral limb 
of the fixed cheek very large; its posterior margin distinctly bent 
antero-laterally at about the middle; occipital furrow deep and bent 
forward at the lateral end of the fixed cheek; preglabellar area 
narrow, gently convex, somewhat arched toward the axis; facial 
sutures parallel to each other in front of the eyes and then turn 
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inward ; those posterior to the eyes transversal rather than diagonal ; 
test smooth. : 

Comparison:—This resembles Cyclognathus, but differs in the 
posterior outline. Compared with J. keideli KOBAYASHI it is more 
convex, but the difference depends most probably upon preservation 
because the present cranidia are contained in gray limestone whereas 
the Argentina specimens are in black shales. The clear-cut distinc- 
tions between them are the more rounded anterior outline of the 
glabella and narrower space in its front in that species. 

Occurrence :—Loc. 19. 


Genus Paenebeltella Ross, 1951 
Paenebeltella convexa KOBAYASHI, new species 
Plate VII, figures 2la—b; plate VIII, figure 12. 


Description :—Cranidium trapezoidal, moderately convex ; glabella 
elongately ovate, nearly as large as the fixed cheek and elevated above 
the cheek; occipital and dorsal furrows deep; occipital ring a little 
convex backward and thickened mesially; fixed cheek at the eye 
almost as wide as the glabella, gently convex and inclined distally ; 
eyes small and located fairly anteriorly ; ocular ridge generally absent ; 
meso-occipital lobe thickened laterally and well defined by a deep 
furrow; frontal limb narrow, somewhat depressed ; frontal rim uni- 
form in thickness and straight in the dorsal view, but distinctly arched 
toward the axis in the frontal view; facial sutures convergent in the 
anterior and divergent in the posterior to the eyes, these branches 
being almost in the same line; test smooth. 

Comparison:—The eye-ridges are, if seen by cross light, very faint 
and restricted to the vicinity of the eyes. On the exfoliate surface 
of a cranidium from loc. 7, the ridge is seen somewhat more clearly. 
It is transversal through the fixed cheek, but tends to turn backward 
to some extent near the eye. Lateral furrows are practically im- 
perceptible even on the exfoliate surface of the glabella. 

This species fits with P. vultulata ROSs so nicely that little doubt 
is left for their congenity. Ross’ two cranidia show the broadening 
of the cranidium as well as the glabella through growth. The 
present cranidium, notwithstanding the fact that it is larger than 
them, has a narrower glabella. The cranidium is more convex on a 
whole, fixed cheek more steeply slant, the eyes a little larger and 
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located more posteally and the frontal brim longer in this than in 
that species. 

The lateral glabellar furrows are clearly impressed in British 
species of Beltella, at least in the casts, but become obscure in B. 
ulricht (KAYSER). The distinct ocular ridge and divergent anterior 
branches of facial sutures are the chief distinctions of Beltella from 
Paenebeltella. 


Occurrence :—Locs. 2 and 7. 


Family Raphiophoridae ANGELIN, 1854 
Genus Ampya DALMAN, 1826. 
Ampyx walcotti KOBAYASHI, new species. 
Plate VIII, figures la—b, 2a~—b, 3. 


Description :—Cranidium nearly an equilateral triangle in outline ; 
glabella swelling forward, most expanded at two-thirds the length 
from the neck, a little protruded beyond the frontal margin of the 
cheeks, highly elevated forward and upward, from the top of which 
an axial spine issues; a pair of weak furrows or shallow depressions 
impressed in the posterior part of the glabella; occipital furrow and 
ring moderately convex backward; cheeks gently inclined distally ; 
posterior band on the cheek inclined toward the furrow in its front. 

Pygidium broad, triangular; lateral margins disposed to form an 
angle of more than 120 degrees; axial lobe a little convex and 
slightly narrower than the flat pleural lobe which is in turn as long 
as the pygidium; no distinct furrow on these lobes except the first 
one; marginal border steeply inclined. 

Test smooth. 

Observation and comparison :—A free cheek possibly of this species 
is found near a cranidium in fig. 2a, but its outline cannot exactly 
be figured out. The axial spine is circular in cross section, insofar 
as can be judged from its broken point on this cranidium. A detached 
prismatic spine is found near the right genal angle of another 
cranidium in fig. la. The position, however, suggests its being more 
likely a genal rather than an axial spine. 

The posterior furrow on the cheek is usually pitted near its 
lateral end. The dorsal furrow is also pitted in its anterior part, 
but not so distinct. 
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This species is similar to Ampyx americanus SAFFORD and VOGDES, 
but the cephalon and pygidium are broader in this than in that 
species. 

Occurrence :—Loc. 18. 


Ampyx walcottt var. stenorachis KOBAYASHI, new variety 


Plate VIII, figures 4a—b, 5. 


This form disagrees with the preceding in the broader outline 
of the cranidium and the slender glabella which is somewhat keeled 
along the axis. 

The glabella is about half as wide as the cheek in this form 
whereas it corresponds roughly to two-thirds the breadth of the 
cheek in the preceding. The axial carina is especially distinct in the 
small cranidium in fig. 5. If better specimens will be obtained, this 
form may proove to be a distinct species. 

Occurrence :—Loc. 18. 


Ampyx, a sp. nov. 


Plate VIII, figures 21-23. 


Like Ampyx nasutus DALMAN the glabella is ovate and prominently 
elevated above the cheeks. On the exfolated surface of the cranidium 
(a) it is seen that a pair of posterior depressions are incised so 
strongly that the outline of the glabella appears to be constricted in 
front of the neck ring. There are one or two more pairs of de- 
pressions but not so distinct. The occipital furrow on the cheek is 
pitted at four or more points as clearly seen on the left cheek of 
this cranidium. The axial spine is broken off in this, but preserved 
in another cranidium (b). It is rounded in cross section but somewhat 
angulated on the dorsal side. 

The third cranidium (c) on the same slab has a glabella much 
shorter than those of the preceding cranidia. It is probable that 
this is shortened and the first one (a) elongated secondarily. The 
second one (b) which is intermediate may be about normal. 

The pygidium half concealed beneath this cranidium (b) is triangular 
and lacks transverse furrows except the first one. The length and 
breadth of the pygidium are 5mm. and 14mm. respectively. The 
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length is equal to the breadth of the pleural lobe. In the broad 

outline it resembles the pygidium of Ampyx semicostatus BILLINGS 

which RAYMOND referred to Rhaphiophorus, but may be more allied 

to Ampyx laeviusculus BILLINGS in the obsoletion of segmentation. 
Occurrence :—Loc. 7. 


Ampyx, b sp. nov. 
Plate VIII, figures 18~20. 


In an incomplete cranidium from loc. 10 the glabella is subangulated 
along the axis, a pair of lateral furrows are strongly impressed in 
its posterior part and the frontal spine looks rounded in cross section. 
It is more similar to the preceding species than Ampyx walcotti or 
its variety. 

The associated pygidium is nearly a right triangle in outline; 
axial lobe a fourth as wide as the pygidium; an anterior axial ring 
and pleural band depressed and marked off by furrows; marginal 
border subvertical. This pygidium is different from those of the 
preceding two species in the greater length. 

Occurrence :—Loc. 7. 


Family Shumardiidae LAKE, 1907 
Genus Shumardia BILLINGS, 1865 
Shumardia sp. 

Plate VII, figure 9. 


Description :—Cephalon semicircular, but slightly protruded and 
pointed at genal angles, strongly convex and steeply inclined near the 
anterior and lateral margins; glabella more elevated above the cheeks 
on the posterior than on the anterior side, narrower than a third of 
the cranidium in the rear part, dilating forward gradually and then 
abruptly expanded in the anterior in form of a mushroom; frontal 
lobe forms an obtuse angle at the top and rounded on the lateral 
sides; short furrow extending inward and forward from each side 
of the base of the lobe; no lateral furrow on the posterior lobe; 
occipital ring fairly thick and uniform in length; occipital furrow 
extends from the axial part into cheeks; dorsal furrows very strong 
on the sides of the posterior lobe, but become weak on the frontal 
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margin of the glabella; surface smooth. 
Occurrence :—Loc. 2. : 


Genus Lunacrania KOBAYASHI, new genus 


Shumardiidae with a long truncato-conical glabella and narrow 
marginal rim. 

Type species :—Lunacrania trisecta KOBAYASHI, new species. 

Remark :—Like Idiomesus RAYMOND, it has a narrow rim around 
the cephalon. This genus is, however, quite different from Idiomesus 
in the outline of the glabella, as can be easily understood by a 
comparison of Lunacrania trisecta with Idiomesus tantillus RAYMOND 
in RASETTI (1946). 

Distribution :—Lower Ordovician ; western Canada. 


LTunacrania trisecta KOBAYASHI, new species 
Plate VII, figure 8; plate IX, figure 10. 


Description :—Cephalon strongly convex, semicircular, trisected 
by dorsal furrows which are pronounced backward; glabella long, 
truncato-conical, somewhat contracted at one-third from the front; 
two pairs of lateral furrows in the posterior part of the glabella 
short and pitted; occipital furrow well developed; cheeks a little 
protruded at the genal angles; rim narrow and depressed; test 
smooth. 

Comparison:—In seeing the figure 16 of Hardyia metion (?) 
WALCOTT by KINDLE (1929), I am strucked by its similarity to 
Lunacrania trisecta. WALcoTT’s Hardyia metion has a broader 
cranidium and larger and more square glabella. The eyes are located 
more anteriorly than those of Pagodia. KINDLE’s specimen may 
proove to be a member of Lunacrania, if it will be reexamined. 

A cranidium which Ross obtained from the zone B in the Garden 
City (1951, pl. 35, figs. 1-2) is similar to this and may be a member 
of the Shumardiidae. 

Occurrence :—Loc. 24. 


Order and Family uncertain 
Genus Rhamphopyge KOBAYASHI, new genus 


This name is proposed for the triangular convex pygidium pro- 
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vided with an unusually prominent nose-like axial lobe as typified by 
Rhamphopyge altipolum. It is so isolated from other pygidia that 
there is least possibility of confusion. 

Distribution :—Lower Ordovician; western Canada. 


Rhamphopyge altipolum KOBAYASHI, new species 
Plate VI, figures 9a—b; plate IX, figures 8a—b. 


A small pygidium subtriangular and 2mm. as long as broad; 
axial lobe prominently protuded above the steeply inclined side-lobes 
and somewhat swelling in the rear part; anterior two or three rings 
and ridges clearly separated from one another by transverse furrows ; 
these ridges form serrations on the lateral margin; those furrows 
impresssed in the middle part only near the axial furrows; marginal 
border narrow and depressed but more or less broadened and some- 
what arched behind the axial lobe. Test smooth. 

Occurrence :—Loc. 24. 


Subclass Miomera Jaekel, 1909 
Order Agnostida KOBAYASHI, 1935 
Family Agnostidae McKay, 1849 
Genus Neoagnostus KOBAYASHI, new genus 


Diagnosis :—Cephalon with trilobed glabella and median preglabel- 
lar furrow ; axis of pygidium trilobed, cylindrical and rounded off in 
the rear, leaving a narrow space in front of a posterior rim. 

Type species:—Neoagnostus aspidcides KOBAYASHI, new species. 

Remark :—The cephalon agrees with that of Pseudagnostus in 
essential aspects. The pygidium is, however, quite different from 
that of Pseuwdagnostus and closely allied to that of Hemagnostus. 

Distribution :—Lower Ordovician; western Canada. 


Neoagnostus aspidoides KOBAYASHI, new species 
Plate VI, figures 4-5; plate IX, figure 5. 
Description:—Cephalon roundly quadrate, as long as broad and 


fairly convex; glabella about two-thirds as long as the cephalon and 
distinctly trilobed ; middle lobe bisected by a short axial furrow; a 
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pair of lateral furrows widely diverging from this furrow at the 
ends; posterior lobe occupies a half length of the glabella; basal 
side-lobe triangular and relatively large; dorsal furrows quite pro- 
nounced and meet with each other at the front of the glabella whence 
a narrow axial furrow is extended forward; cheeks gently convex ; 
flange fairly broad. 

Pygidium strongly convex, subquadrate and surrounded by a 
relatively thick rim; axial lobe very prominent, outlined by a deep 
furrow, moderate in size and broadened in the anterior where a pair 
of triangular areas exist; median tubercle extends shortly for- and 
back-ward from the middle lobe; posterior lobe longer than the 
anterior or middle lobe, but shorter than a half of the axial lobe on 
the whole; side-lobe gently convex, only a little broader than the 
marginal rim; lateral rim narrows forward. 

Test smooth. 

Observation and comparison :—Four cephala and a pygidium from 
loc. 24 are thought to belong most probably to an identical species, 
because there is no other agnostid at the locality and these carapaces 
agree in size, outline and convexity. 

Some difference can be recognized among these cephala as to the 
proportional size of the three. lobes of the glabella. A median 
tubercle appears to be usually present at the anterior end of the 
posterior lobe. The tubercle is, however, not so distinct as usual in 
Pseudagnostus, but so small and improminent that it can be overlooked. 

The pygidium is similar to Geragnostus subobesus (KOBAYASHI) 
from the Symphysurina limestone in the Yukon-Alaska boundary 
region (1986), but its outline is longer and the axial lobe distinctly 
expanded laterally near the anterior margin. 

Occurrence :—Loc. 24. 


Genus Hyperagnostus KOBAYASHI, new genus 


Diagnosis :—Cephalon with trilobed glabella but without median 
preglabellar furrow; axis of pygidium cylindrical, trilobed and 
moderate in length. 

Type species :—Hyperagnostus binodosus KOBAYASHI, new species. 

Remark :—It is quite probable that this genus was introduced 
from Neoagnostus by obsoletion of the median furrow because the 
two genera agree with each other in many other aspects and because 
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this is younger than that genus. A prominent node at the genal 
angle seen in the type species is a very distinctive feature not seen 
in Neoagnostus aspidoides. 

Distribution :—Lower Ordovician; western Canada. 


Hyperagnostus binodosus KOBAYASHI, new species 
Plate VII, figures 2-3; plate IX, figure 4. 


Description :—Cephalon strongly convex, steeply inclined near a 
narrow flange; glabella prominently elevated above the cheeks and 
trilobed; anterior lobe fairly large; two pairs of lateral furrows 
which join at a point outline two triangular depressed middle lobes; 
median tubercle lying just behind the intersection, fairly large; 
posterior glabellar lobe and basal side-lobes well developed ; posterior 
flange narrow; and circular tubercles exist beyond its lateral end. 

Pygidium also strongly convex, as long as broad and parallel 
sided ; posterior margin broadly rounded; axial lobe cylindrical, half 
as broad as the pygidium, rounded at a short distance inside the 
posterior rim, scarcely elevated above the general convexity of the 
pygidium, outlined by narrow dorsal furrows and divided into two 
major parts by a shallow transverse furrow, the posterior one being 
longer than the other; anterior part provided with a long median 
ridge and its lateral sides each bisected by a transverse furrow; 
pleural part as wide as the post-axial part; flange well developed ; 
no posterior spine on the flange. 

Occurrence :—Loc. 2. 


Genus Geragnostus HOWELL, 1935 


Geragnostus aff. mundus (RAYMOND) 
Plate VII, figure 1, plate VIII, figure 17. By 


1925. aff. Peronopsis mudus Raymond, Bull. Mus. Comp. Zool. at Harvard Coll. 
Vol 67a pela. plas fig. 

Cephalon fairly convex, roundly subquadrate, a little narrowing 
forward; glabella clearly outlined by deep dorsal furrows, about a 
third as broad as the cephalon, strongly convex, elevated high up 
above the cheeks, subconical, rounded in front and distinctly bilobed 
by a strong transverse furrow; posterior lobe large, strongly vaulted 
posteriorly ; basal side lobes small, triangular and depressed ; cheeks 
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gently convex and steeply slant distally; marginal rim very narrow. 

The preglabellar area is not well preserved, but it can be defi- 
nitely said that there is no axial furrow. The posterior lobe of the 
glabella is partly broken, but a median tubercle is seen in front of 
~ this broken part. 

The associated pygidium is quadrate; its narrow rim protruded 
into a tiny spine at the postero-lateral angle; axial lobe as long as 
three-fourths the pygidium, strongly convex, elevated above the 
moderately convex side-lobes and trilobed by transverse furrows ; 
second lobe carrying a median tubercle. 

Peronopsis munda RAYMOND from the Lower Ordovician in the 
Sinclair canyon near Lake Windermoero, southeast of Golden, British 
Columbia, is probably a Geragnostus similar to this, but having a 
more cylindrical glabella. 

Occurrence :—Loc. 238. 


Genus Trinodus McCoy, 1846 
Trinodus priscus KOBAYASHI, new species 
Plate VII, figure 6. 


Description :—Pygidium subquadrate, nearly as long as broad, 
distinctly expanded posteally, moderately convex and surrounded by 
a narrow rim; lateral rim straight and produced behind into a short 
Spine; posterior margin between the spines gently arcuate. Axial 
lobe half as long and as broad as the pygidium, but narrowing back- 
ward and trisected by two pairs of lateral furrows, the anterior ones 
of which are, however, not so strong as the posterior ones; median 
tubercle long and prominent on the middle lobe; posterior lobe 
bisected by a median depression. 

Comparison :—At a glance this pygidium reminds one of Pseudag- 
nostus, but there is no posterior pseudolobe and the short axial lobe 
trilobed, instead of bilobed as in Pseudagnostus. The straight lateral 
margins and posterior expansion of the pygidium are distinctive 
characteristics among the species of Trinodus. 

Occurrence :—Loec. 15. 


Trinodus tardiformis KOBAYASHI, new species 
Plate VII, figures 7a~b. 
Description: — Pygidium broader than long, subquadrate, but 
broadly arcuate along the posterior margin, most prominent at the 
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median tubercle ; axial lobe occupies a third of the anterior margin, 
subovate, half as long as the pygidium, clearly outlined by a narrow 
but deep furrow, highly elevated above the side lobes and provided with 
two pairs of lateral furrows the anterior ones of which being stronger 
and turning forward so as to outline the antero-lateral area; median 
tubercle prominent, located a little posterior to the frontal margin; 
side lobes equally wide on the lateral and posterior sides of the axial 
lobe, inclined distally with strong convexity ; marginal rim narrow 
and convex, separated from the side lobes by a deep furrow; test 
smooth. 

Comparison :—Most of Trinodus have longer and more rounded 
or ovate pygidia. In the broad quadrate outline this is closely allied 
to Trinodus tardus (HAWLE and CORDA). This pygidium is, however, 
more convex and its marginal furrow and rim are evidently narrower, 
if compared to that species (WHITTINGTON, 1952, pl. 68, figs. 4-6). 

Occurrence :—Loc. 10. 
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Postscript 


Housiella was proposed by KOBAYASHI for Ceratopyge canadensis 
WALCOTT and combined with Housia WALCOTT in the Housiinae 
KOBAYASHI, new subfamily, which is in turn tentatively referred 
to the Ceratopygidae RAYMOND. 

KOBAYASHI, T. and IcHIKAWA, T. (1955), Discovery of Proceratopyge 
in the Chuangia zone in Manchuria with a Note on the Ceratopy- 
gidae. Miscellaneous Notes on the Cambro-Ordovician Geology and 
Palaeontology, No. XXV. Trans. Proc. Palaeont. Soc, Japan, N.S., 
No. 19. 


. TJERNVIK instituted Nericiaspis, nov. on the basis of Jujuyaspis (?) 


robusta TJERNVIK, 1985, and placed it in the subfamily Pelturinae 
HARRINGTON and LEANZA, 1952, in the family Olenidae BURMEISTER. 
TJERNVIK, T. (1955), Nericiaspis, a new genus of Proparian Olenid. 
Geol. Fiéren. i. Stockholm, Forhandl. Bd. 77. 
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ORM MORIOM TON, JOUR CO BAe AD Oman ae OO 450 
Mipsen districtawe cocci emia s.coacaaeree 388 
DHOUGTEGERDOCCICUL Us. Ne arrate cise) ies 464 
POUCT OU, e LELE DIALS. auto vale exe's srousnste) hers 420 
Moinesthrust a. eevee ca sarscts rs renee ake 385 
Monies (CCTM RTE cedoonucaso0ns5e 450 
monoceros, Gontoteloides..........+-- 447 
Monsefionmation crcl 361, 370, 372 
1 (OYTO) ce ROG CO CIS OO Oe OOO OT ICE aeol 
(WE GTIT EMI NOT CUA: oie ate clettaectoieis a1etarseierer= 362 
IO RAR AS oon Ma Ona ot ac ADOC ADOT 462 
WIGRESZ Cin UISHEG. cusses oeie = 373 
IM, AMONG eso mecqo ceo cob ardee 60 OmiG 373 
mundus, Geragnostus aff. .......--- 475 
Mystic iconglomerate 2.4... .02.2088.065 378 
INGE: PACING oan 6 coe D DDE NOOO Anon O 403 
UNE RX CUOR SOUS. cong Man Oooo, ODEO OT oa 478 
New Brunswick geanticline........... 384 
ISCO IO SORT 5 6 Gob 60 CGO CODER OD CU caU OC 473 


INGOLMENICEDNOUILS . «cine dnle os eventis 451 


Nil@idae: 24, Sstes cece is oig huckenert eres 424 
nonius, Bellefontia ...........++ 438, 439 
norvegicus, Bellerophon (?)........-. 405 
Norwoodidae® ir ciaacese each 411 
NovayatZemlya <c.cotes. cane ee 380 
Nunatami)formatione.-e. se. aer eee 381 
Obolus appolonista sandstone ........ 386 
obsoleta, Neotaenicephalus .......... 452 
OChO WA DRe00TTRIS 4 ese eee 403 
QOdonotopleuridae:...105sss dees 418 
Osy Piocarinae cs ae... ee 434 
Olenidadestatiert. as eee eee 388, 462 
Oneotasdolomite: .a0-eeee ce eee 376 
ONNUG CZ iawn 395 
OntentAlis.m KiGi77ell Om eae. ee 412 
OLO SEN Ye asec clare isha ever he ois cemene ye ekoss Re re 386 
OrometOPuUs a cnn decree ae aeT ae 391 
Oxyetocepnalus eee eee 390 
Quachitayeeosynclinesmsaese cere es cert 387 
OUDLA DUNE TODY Gell eae etiaeineriae 457 
Ozark. dome* cai cence eee eee 385 
Ozarkian fauna, problem, system. 385, 399 
OZOTKISPUTG Aan cae saa ee 378 
Ozariispi-a sp» indets - sin. a ee 408 
Ozarks pt7 G1 ZONe eee eee 364 
DACULCOMMECLUILT Cnet ete 388, 465 
DUCTILCUS Lele PILILS ate cee 419 
BO GOGHOR ic Rae eee hee aOR Te 472 
(aOVKCKOyRi, AU XOVWWTIS 6 oo00050080060500 459 
IPOH AIC OUT) coonpeconbonscacoponen 436 
BOT OOLUNELLO ee eT eee 355, 388, 462 
Parabotinetlan faunawerieeee eee 387, 391 
POT C0OUNO DSS Pio ee 395 
IC ROLOUSG RUGS (PB) SY, soc se ocH Ac 455 
DALCDLAONKtOTM anette ieee 387 
1 EG EOMO IVER tenet 3008 05 00505056 5000 449 
parvum, Raphistoma.......«.sssea. 406 
Beltundye ee ce case s.n tec oe ae eae 465 
POL ay (2) SPs ieee seis: jereior Penge eee 465 
pelturaeformis, Westergardites ...... 466 
Pemmican River formation........... 379 
PeriSCROGOTY 1m sick eee 421 
P@tW wis slips. cid aporite seve «ayers ert hemepiensl sea tenors 395 
PROlLOBEOMG 25 cs 0. 5,3) oso a cases 449 
| UIE Ch 3 SRS OC DO OOD ORO TE occ bOU6 391 
Ii Kea banl AO AMEROO apaocanccnooocHooeKs 376 
Pil CCGTOS Ra ioes see hae ee Rie rt ee 382 
Binnicles cree. cs.ca2 oe Gata ae 362 


492 
Pigear Gs NeGT Gana naps ken eee 393 
planulata, Helicotoma..............+ 407 
platand, Bellefontta tc) -e aceite 436 
platypleurus, Hystricurus ...\....... 454 
HEVCLILODELLLSeen ae eerie 370, 380, 396 
WliomMeridaé mencs. accel eM ae 414 
PUVLOUNCTODS PA, eee ee 414 
Pogonip sroupwa- eee ee ee 374 
WR OULELU CL x jevirra do Rite Huss etfs eee 390 
POULUS, FIYSEICUTUS sme pene en 454 
POM METISINI A Ges inant a ete 410 
LOIN ALOE CTIUL toners trates. tee" ahanc noes me 396 
Port Clarence limestone .............. 382 
Braise Catamancanteye en stearate 390 
primigenus, Protopliomerops ........ 415 
DPUTOGUG aN LOUGmE ERE eee ee 444 
primordiale, Huloma.............--- 450 
princeps, Stenocombus........-...50+ 458 
DISCUS LL TUOGALS: atone eR ee eee 476 
ERO 0OUNENIG <. Rene Mae a eee ae 458 
EUOCIALOILGUGR mite teen etoy ee x ne 421 
PEOLTOSEN Vee. tito Gakic chee 385 
EZNOCOPELUUGO uit siate a saree sero en ee AOD 
EVOLOPULOTETOPS*. <0 nes seek ee 389, 414 
Protopliomerops zone................ 396 
Prolopresvynilews sats se he heen 426 
PLOVINGIalE SeNUSHE..j-- tee eee es eee ke 399 
(PSCUCCGHOSTUSH men she meik a atten 476 
Pseudohystricurus..........0.es200n 382 
IPSCUMOKALREN CG nrike ne eee 460 
ESCUOOLCTOULCS ire ck S204 0105 AS ee 424 
PE BEUDOMELO ahs ste sea Piece ee 414, 417 
pulchra, Hobucania .........+.. 388, 404 
PUNCLOED pePCULUTE ess. ela teen 465 
punctatus, Gonioteloides............. 448 
PULULO PINGROTUMS ys ssn eon ee 403 
radiatus, Protopliomerops ...... 416, 417 
LEU PIMSEOMANO Ha a4e es ce ae ne eee 365, 406 
REGICHIdAG ety, Wm romewitineks Rs et 461 
UESSERAS ISM I an ee a ioe ek ee 452 
VE CONZOTN KOT UUOLED 6 adisene ote eked elec: 472 
Richardsonellinaew. 02ers 450 
RGOmV al Cancitoniases ssiemceanl ack 393 
RobsongReaks areas... /ikiscssee ees 371 
ULOOSOROCETL ASH we eicatele «cette eee Vil 
ULOUSONOCET.AS ISPs <r ce e e 409 
robusta, Jujuyaspis (?), Nericiaspis 
PREC Beare Seo ORR 467, 478 
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robusta, Lingukainella.........++60+- 412 
Rocky Mountain quartzite ........... 362 
Rotellomphalus a Sod oc 406 
rotuliformis, Raphistoma....... 374, 408 
Sabine sfonmation pace. ete et 361 
Sakawa Orogen yy.) emote ols alee ite irae eee 401 
Salterdspis ... Sa eeeiae se rare 466 
SOLECT >. AITUPRIOTICs 2 ia nso nivin © ehve eie elle 416 
San Juan provinces, sees site sclera 390 
Sarbachis vue <etaasees ae De een errr 361 
Saf FASS SCA Vrain: Oe Seen ore even erate 387 
scaraboeoides, Pelturd..........+++5- 467 
schlagintweiti, Hoekaspis.........--- 449 
SchimnaQlensectd sare == eee ee eee 411 
semicostatus, AMPYL ........seeeeees 471 
Shawang conglomerate............--- 384 
Shineton shale. ....Gc.eleiete seieteleerere 381 
SRwMOrdiG SDs (6 cis wniesin aise ee bee 471 
Simpson Spring Mountain boulders. ..376 
simulans, Symphysuroides (?)....... 431 
Sinclair veréekw. cata etree 361, 363 
sinclairensis, Raphistomina ......... 405 
Sm@lavislandsetenese en eeere er eee 380 
Soddary-Dry creek section............ 371 
Sphaerophthalmella............- 400, 463 
Sphaerophhalmoides . 2.0... ....052-0: 384 
Sphaerophthalmus 2... 2.0... 463, 467 
spicata, Symphysurina (Symphysurina) 
SRE eer LAR Roo eee eee 429, 430 
Sspiniferus, Lelepnus... tt. eee oes 419 
Squaw mountains...cos see ee 376, 381 
St."Gharles-foermation «22a osnh.eee ee 374 
St. Lawrence geosyncline............. 384 
Steamboat Mountain= =: se. ceeeee ere 363 
steinmannt, JUJUYASPIS .........-.-- 466 
StENOCOMOUS:--o nes chee eeeee eee 458 
stenorachis, Ampyx walcottt......... 470 
stenorachis, Kametla ......ss..% ~<a 412 
Stonehenge formation “c2n.-..-<esee ee 374 
DEVOUAELUNUS he ees eee 416 
subobesus, Geragnostus...........4.. 474 
subovatus, Bellerophon ..........+.-- 405 
subquadratus, Protopliomerops .414, 416 
suleatum, Xenostegium (?) ........6- 440 
supercliosa, Protopliomerops........ 416 
Swan»Peak formation: es.ces Gosecee oe 374 
SYIMPNYSOPS hao ae ee ee 418 


SY MPNYBUTING: ancien eee 376, 429 
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Symphysurina fauna, zone........... 
sO a oe ree 368, 373, 380, 390 
SYUNUOLUSUTUNM SD Dame Serene ae Eee 433 
ISUMUDNYSMUPUNGLLC sa se es aoe ects oe 428 
Symphysurininaeé .......<...00.+. 425, 426 
Symphysuroides........... 381, 428, 431 
SY MUD SULIMILS Maia ion aoe ee 388 
SY ILO MALONOCUS mrt nie ae een 392 
shaconicudisturbances eee enee 384 
LGERUCE DNAS yates nce eee SHA Ghoul 
ELEC AZONE Weer. oa ran PaO eee 378 
LIU CIUG SILO C ate eee eee 383 
CONEULUS. TALOMeESUS ~ anx acco a sare ae 472 
tardiformis, Trimodus:,..c......2.-- 476 
tardus, Rotellomphalus.............. 406 
LAGOS LTUNOGUS wre te shoe ee re 477 
pba Supkamal aye arenes oceans ee Pen rere Reetear cote 397 
Matondukeriver. mercert tn tte eee 376 
tatondukensis, Symphysurina. ..376, 429 
taurus, Xenosteguam .....cacccoe sss 440 
Melephacea tecen tcc os stots corns ince 418 
relephidae sas ccits.< oes wiescictete oa Oe 418 
SRT OOS 6 ob a> AGE EOS 375, 389, 419 
Neve pharsetautil Gere eras rewecierieteee 368 
DOCU SCODID tein ARS OLE OG 460 
L/S ENODY OC onic aan ie eee 392, 434 
LOTROUUSULCR A ater Selon «io crepes erie teteushe 457 
TR OSUOTLLON PUMICE haral oot Seeterone Maer 462 
ibremadOctatimects smear <roewe oie see se 389 
wremore Urelandicecroe stele sores site ere 385 
PBriarGncind Gua cciicties we ones scloaeme er 462 
IR OCU AA ROISD, Sop eee SOS ORAS BE ion 462 
SPU EeTU Se LAUMA ts ciereieysi-te = s\cleisteieiete she 391 
dieleres) JAM Tiersen oactemnaceorasons 374 
INCOR RON. sé accccadbonnc cube aDeouE 434 
Tra GonO Cena yl Gay. a1-is1 «oe ole -1slekalel eke “ich 434 
Arar phils 28S aos SOG CAG aOO SOBIU Orr 410 
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UFUSECLO) LALTALCHU TIC, 0. aan ene 472 
Eritocod hia aaa ee 375 
Arondheimidisturbancemmes. sees: 384 
ALrondheimudistn cher een earner 384 
LBRO RIUM Te doe ttn oe Poe 396 
tuberculata, Amechilus..........-..- 459 
tympama,-Burnesella............---- 406 
UbIGuIty Ofrepinogen yal meena tte 383 
QUTECOe Beltell Cee ee ee 469 
umbtlicata, Helicotoma.............. 407 
uncaspicata, Symphysurina......... 29 
uniangulatus, Huomphalus.......... 407 
WrONYSETUIT NE Re re eee 382 
utahensis, Clelandia...............+- 456 
Van Horne: ran ele. rrie rere 361 
UQIERO ss FLOWS intone pert ere ee Tee 388 
Venezuelan) Andes @aeen ast esate 395 
Vermiliongbasinae rk teen eee 362 
Vermiltonites sa... ee ee eee 452 
WIG MOS, IRAN. Cie, Loaanancstaacs 445 
Viinakainell Omnia tet 390 
vultulata, Paenebeltella.............. 468 
QUOLCOULE ATU DU Cure ete eer: 469 
walcottt, Symphysurina......... Sieh, Gayl 
Western Pacific faunas............... 396 
Whiskey etrailenvictinn.co ste eeeereee 362 
willdent Protopresbynileus..........- 446 
williamsoni, Gonioteloides ........... 447 
Wionahsquantzitem ayers cere 361 
Wood Hollow boulders. s.e5 eon 376 
woostert, Symphysurina .......- 428, 429 
EXIGNOStEG LU TU ieee eect 434, 439 
Wehlietormation a.. eee eeeerecio meee 396 
VOMUSCIUD s = ilcea tee vats Oe. 444 
Yukon-Alaska boundary ......... 376, 381 
ZOCORLNOULES tetas nie eet ore treete ee 390, 
ZAMOLA is cos oars tsiz nate sed asia ee aE 395 
FONUAUSCUS? © dart ara ae 5 otnie a OCis ete A 404 
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T. KOBAYASHI 


Explanation of Plate I 


Ordovician Gastropoda and Nautiloidea from the McKay group in British 

Columbia. 

Hobucania pulchra KOBAYASHI, NEW SPECIES .......... cece eee eee eter eee eens 404 
Figures la-~d. Lateral, dorsal and dorso-lateral views of the holotype, x2, loc. 19. 
Figures le-f. Dorsal and lateral views of the same specimen showing the slit- 

band and surface sculptures, x4. 

Raphistomina sinclairensis KOBAYASHI, Ne€w SPeCieS. ..- 22. - es. ese woes ere owes 405 
Figures 2a-c. Apical, lateral and basal views of the holotype, x1?/2, loc. 5. 
Figure 3. Apical view of a paratype, x1%/2, loc. 5. 

Raphistomina sinclairensis var. acuta KOBAYASHI, new variety ................ 406 
Figures 4a—b. Apical and lateral views of the holotype, x2, loc. 2. 

Burnesellastympamd KOBAYASHI, NeW SDECIES . wa. <iecinice cies eine eit aioe eee 406 
Figures 5a—c. Apical, lateral and basal views of the holotype, x 11/2, loc. 17. 

Ozanisispira sled. WAEUCOTTIG BISA. 5 cr. se IER eT aie ee Eee 408 
Figures 6a—c. Apical, lateral and basal views of a specimen, x2, loc. 6. 

Lytospira mediosulcata KOBAYASHI, new SpeCieS...........0eeecececcecececececs 408 
Figures 7a-c. Apical, basal and lateral views of the holotype, x3, loc. 6. 

ECOOSOMOCETOS® SPicpicna-« <a, the csv eis © Brae ERT toe Oe Oe ee 409 
Figures 8a—b. Lateral and adapical views of a phragmacone, x2, loc. 3. 

Figure 8c. Ventral view of the same phragmacone, x3. 


Jour. Fae. Sci., Univ. 


T. KOBAYASHI 


Explanation of Plate II 


Ordovician Trilobites from the McKay group in British Columbia. 


Kainella kindlei KOBAYASHI, NEW SPECIES ....... eee cee cee eee eee e cert etter eeeres 413 
Figure 1. Holotype cranidium, x3, loc. 2. 
Apatokephalus canadensis KOBAYASHI .......+..sceeeec cece er er eter ee eeeseeeees 414 


Figure 2. Cranidium, x21/2, loc. 20. 


Protopliomerops subquadratus KOBAYASHI, new SpecieS .........-...e cece ee eee 414 
Figures 3-4. Holotype cranidium and paratype pygidium, x 1/2, loc. 21. 


Protopliomerops radiatus KOBAYASHI, new SPeCi€S.............---2-cscseerereee 416 
Figure 5a. Holotype cranidium, x 14/s, loc. 13. 
Figure 5b. Postero-lateral part of the fixed cheek of the same cranidium showing 

the pitted test, x 31/2. 

Figure 6. Paratype pygidium, x 1/2, loc. 13. 

Protopliomerops longispinus KOBAYASHI, NeW SPECi€S .......... eee eee e eee ees 417 
Figure 7. Holotype pygidium, x4, loc. 21. 

fesselacaudapfiabvellasKOBAY ASHI; ane WaSPecies mec iee: aeeicnie nice erie 417 
Figures 8a-b. Holotype pygidium, x3, loc. 2. 

Telephus pacificus KOBAY ASH TonewaSDeCtes coria-mnineniciae miner ieee eee 419 
Figures 9a-b. Dorsal and lateral views of the holotype, x5, loc. 10. 
Figure 10. Clay cast from a mould of a cranidium, x3, loc. 10. 


Letostegium (Mvansaspis) glabrum KOBAYASHI, new species ...........-.+-ee00 421 
Figures 11-13. Holotype pygidium, a free cheek and a paratype cranidium, x 11/2, 
Loc. 2. 


Figure 14. Cranidium, x11/:, loc. 12. 
Figure 15. Cranidium, x2, loc. 12. 
Figure 16. Hypostoma, x1, loc. 8. 
Figure 17. Pygidium, x 11/2, loc. 25. 


Jour. Face. Sci., Univ. 
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T. KOBAYASHI 


Explanation of Plate III 


Ordovician Trilobites from the McKay group in British Columbia. 


Hyperbolochilus expansws KOBAYASHI. N€W SPECIES .....+. eee reese eee eee eeeees 422 
Figure 1. Holotype cranidium, x2, loc. 2. 


Bellefontia platana KOBAYASHI, NeW SPECIES ......- +e rere eee ee eee eet eet ees 436 
Figures 2-3. Holotype cranidium and paratype free cheek, x2. 
Figure 4. Hypostoma, x4. 
Figure 5. Pygidium, x 1!/.. 
All from loc. 15. 


Symphysurina (Symphysuroides) expansa KOBAYASHI, new species ........--.- 432 
‘Figures 6a~-b. Dorsal and lateral views of holotype cranidium, x2, loc. 24. 
Figure 7. Paratype pygidium, 3, loc. 24. 
Symphysurina (Symphysurina) spicata ULRICH 
Figure 8. Cranidium, x2, loc. 18. 
Figure 9. Pygidium, x1*/z, loc. 18. 


SYMPNRAYSUTUMUGL AY SD iis. oie ’s <5 a 5 aaus.2is'e nies e ena oven ateba tebe See (ere eeke earliest eel ane eee 433 
Figures 10-11. Cranidium and free cheek, x11/s, loc. 19. 


SYM PHY SUVA: D: Spree 2.5 Sate coe se oaeate coceet oe aU aV ARE SAREN erste el 1oNG = rene acest 433 
Figure 12. Cranidium, x3, loc. 23. 
Figure 13. Cranidium, x3, loc. 15. 
Figure 14. Cranidium, x4, loc. 2. 


Symphysurina (Symphysuroides) cfr. brevispicata HINTZE ...............0++0005 433 
Figure 15. Cranidium, x3, loc. 22. 
Figures 16-17. Cranidium and free cheek, x2, loc. 23. 
Figure 18. Pygidium, x11/s, loc. 22. 


Symphysurina (Symphysuroides) elegans POULSEN.........<. sor ete coats cotnereee 432 
Figure 19. Holotype cranidium, x 2. 
Figures 20a-b. Paratype cranidium, x3 and about 6 times magnified to show the 
pitted texture. 
Figure 21. Pygidium, x 11/2. 
All from loc. 22. 


Symphysurina (Symphysuroides) spicata var. eugenia WALCOTT..............-. 430 
Figure 22. Pygidium, x2, loc. 24. 


Jour. Fae. Sci., Univ. Tokyo, Sect. IL-Vol. IX,-Pt. 8. Pl. il 
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Explanation of Plate [V 


Ordovician Trilobites from the McKay group in British Columbia. 


Kobayashia lanceolata KOBAYASHI, NEW SPECIES ys cine aiatolete state stele telstet tani nner 


Figure 1. Holotype cranidium, x 11/2. 


Figures 2a~b. Ventral and lateral views of paratype hypostoma, x2. 


Figure 3. Pygidium, x1. 
All from loc. 14. 


IGYSEnas ps) (2) ercledes) (WALCOTT) sore aij aieicicie sittelrslstelel ete aero eee tere 


Figure 4. Hypostoma, x 11/y. 
Figures 5-6. Cranidium and pygidium, x1. 
Figures 7-8. Two pygidia, x2. 
All from loc. 4. 
Figure 9. Pygidium, x 14/2, loc. 11. 
Figures 10, lla~b, 12. A cranidium and 2 pygidia, x1, loc. 3. 


KQYSERAsSpis (2) SD. Lav Nove ssc oe enieeys see aoe ee ome oe aerate ee 


Figure 13. Pygidium, x1, loc. 11. 
Figure 14. Pygidium, x1, loc. 1. 


Jour. Fac. Sci., Univ. Tokyo, 
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T. KOBAYASHI 


Explanation of Plate V 


Ordovician Trilobites from the McKay group in British Columbia. 


Asaphellus (2?) canadensis KOBAYASHI, NEW SPECIES ....----- eee ee eee ee eee eee eee 438 
Figures 1-3. Holotype cranidium, paratype free cheek and pygidium, x4, loc. 20. 
Bellefontia (2) aff. colligana RAYMOND ..........ccceee cence eet eee teen r tees 437 


Figure 4. Pygidium, x2, loc. 3. 
Figure 5. Pygidium, x2, loc. 4. 


Bellepontig (2). Spy snus vetraen cae 26% «)-t Miauddelofene, stele tate (olan etehe Vee enek ate Ws ea ieee ee 437 
Figure 6. Pygidium, x2, loc. 4. 


Columbicephalus macrops KOBAYASHI, NEW SPECIES. .......- eee ee eee eee ee ee eee es 444 
Figures 7a—b. Holotype cranidium, x3, loc. 10a. 

IKayseraspis (©) ewelides (WALCO DD) ec wots cir ee ole chejelelet erect tetete acer etter eer 442 
Figures 8-10. Cranidium, free cheek and pygidium, x 11/2, loc. 20. 

DOCHOSLOMLA ACR) USP a.) ale ae estes ate avons ais oraviatte\s, erayelelieaccearel stat shel ota etenere te rstete eke tere tet 449 


Figure 11. Cranidium, x1, loc. 13. 


Tar eulachy. Vegas (WHITTINGTON) isiciys ie sess aici oreo etcictetet otetee tet eles eee nee 445 
Figures 12-13. Cranidium and free cheek, x 11/,. 
Figure 14. Free cheek, x3. 
Figure 15. Pygidium, x2. 
Figure 16. Young pygidium, x5. 
All from loc. 13. 
Figure 17. Pygidium, x3, loc. 17. 


a 
iRrotopresbynilews (2) att. willd ent@ HINZE \. 2 seeemane niece ee caren 446 
Figure 18. Pygidium, x11/2, loc. 14. 
Figure 19. Doublure of a pygidium, x1, loc. 14. 
Nileidaes(?)y- gen.-and’ spa, indt).2.6.oe saitievesm cee ees Cee Oe eee 425 


Figures 20-21. Cranidium and pygidium, x2, loc. 9. 
Kayseraspis (?) cfr. euclides (WALCOTT) 

Figure 22. Pygidium, x3, loc. 17. 

Figure 23. Pygidium, x2, loc. 17. 
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Explanation of Plate VI 


Ordovician Trilobites from the McKay group in British Columbia. 


Hystricurus cfr. genelatus ROSS ......se scree cere eee e tree cnet cent te reereeeees 454 
Figure 1. Cranidium, x 2/2, loc. 24. 
Figure 2. Free cheek, x3, loc. 24. 


Hulomella mckayensis KOBAYASHI, NEW SPECIES ...... 6. cece eee eee ee eee eee 451 
Figure 3. Holotype cranidium, x 21/2, loc. 18. 

Vermilionites bisulcatus KOBAYASHI, NEW SPECIES ......... ee eee cee eee cece eeeees 453 
Figure 4. Holotype cranidium, x2, loc. 8. 

CEL LGG(2) SPs she sis agers jase eter Oiehee 4 0\s50jn loiwsale ate! oy oN op ots all fre hae herol ete etek tor Bee Rar 456 
Figures 5a~b. Dorsal and posterior views of a pygidium, x4, loc. 2. 

Hysticurus platypleurws KOBAYASHI, NEW SPECIES ......- eee eee eee eee eee eens 454 
Figure 6. Pygidium, x3, loc. 2. 

IPUTONYSEPICUTUS (2) SP alice eis aaatarteern« wo! sie. a. + ave cyate toler a eetces eletete aol eete late olitet Vet otelets ieee tts 455 
Figure 7. Pygidium, x 21/2, loc. 2. 

FLY SETIECIT US. SPs ore ¢. sss; o.ls sso: crew! ov3) Sts A oleral Siciaciy eta tr ete cole ere ane te ite a ets tactic alts tetera eee en 455 
Figure 8. Pygidium, x41/2, loc. 22. 

Rhamphopyge alivporum KOBAYASHI, NEw SPCCleS ea. eerie rae eee neers) neers 473 
Figures 9a—b. Dorsal and lateral views of holotype pygidium, x 41/2, loc. 24. 
Dimeropygiella-eos KOBAYASHI, new. ‘species .......... 22 aes seen cee see 456 

Figure 10. Holotype pygidium, x2, loc. 7. 
Amechilus tuberculatus KOBAYASHI, NEW SPECIES........ cece cece cece ee eee c cc eees 459 
Figure 11. Holotype cranidium, x2, loc. 2. 
Neotaenicephalus obsoletus KOBAYASHI, new SpeCieS ............ee ee eee cece eeeee 452 
Figures 12a~b. Dorsal and lateral views of holotype cranidium, x2, loc. 24. 
Metabowmania latilimbata KOBAYASHI, new SpecieS ............. cece eee eeeeeeee 458 
Figure 13. Holotype cranidium, x2, loc. 2. 

Macroculites entgmaticwm KOBAYASHI, new species ...............eeeeeceeeeees 461 

Figure 14. Cranidium, x5, loc. 24. 

BABE POCUIIECS: (2) SD. ia sad cin sins wiser is pio: bn ghews wis ee OL ETL SR CEE ae 462 
Figures 15a-b. Dorsal and lateral views of a pygidium, x5, loc. 24. 

Tienocephala longa KOBAYASHI, new species ........cceccecccccecceceecceeceecce 448 
Figure 16. Holotype pygidium, x11/s, loc. 13. 

Gonioteloides monoceros KOBAYASHI, NeW SPeCieS...........ececccececccecceecece 447 


Figures 17a~b. Dorsal and lateral views of holotype pygidium, 2 OC teas 

Figures 18a~b. Dorsal and posterior views of a paratype pygidium, x11!/., loc. 2. 
Gontoteloides punctatus KOBAYASHI, new Species ............ ccc cecececucucececce 448 

Figures 19a—b. Dorsal and lateral views of holotype pygidium, 1a loc. 7. 
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T. KOBAYASHI 


Explanation of Plate Vil 


Ordovician Trilobites from the McKay group in British Columbia. 


Geragnostus aff. mundus (RAYMOND).........0 cece ee reece eee etree eet esecesecees 475 
Figure 1. Cephalon, x3, loc. 23. 

Hyperagnostus binodosus KOBAYASHI, NEW SPECIES ..... 6 ee eee eee etree rete teens 475 
Figures 2-3. Holotype cephalon and paratype pygidium, x3, loc. 2s 

Neoagnostus aspidoides KOBAYASHI, new SPeCi€S.......... +e eee ee eee eter e eres 473 


Figure 4. Paratype pygidium, x5, loc. 24. 
Figure 5. Holotype cephalon, x3, loc. 24. 


Trinodus priscus KOBAYASHI, NEW SPECIES ......... ee eee rece cece cece t enter eeeees 476 
Figure 6. Holotype pygidium, x3, loc. 15. 

Trinodus tardiformis KOBAYASHI, new SPeCieS .... 2.2.2.2... 56. n new se een scs-e eee 476 
Figures 7a—-b. Dorsal and lateral views of holotype pygidium, x5, loc. 10. 

Lunacrania trisecta KOBAYASHI, new SPECIES ......... cece eee cece ec cece ecees 472 
Figure 8. Holotype cephalon, x6, loc. 24. 

STRUM AUG TS Po iaons ago Eola ioe see ROO Toe mbes 3 ise. 3 eu scoto ah ol ae ata etela Nae ern teeta 471 


Figure 9. Cephalon, x5, loc. 2. 

Spaerophthalmella inexpectans KOBAYASHI, new SPeCieS ............--eeee eee eee 464 
Figures 10a—b. Dorsal and lateral views of holotype cranidium, x4, loc. 19. 
Figure 11. Paratype pygidium, x4, loc. 19. 

JS UUYOS PS DoTealis KOBAYASHI.» NEW, (SPECIES. 054. <a seue odes oclee ieee eters 467 
Figure 12. Paratype cranidium, x2}/s, loc. 19. 

Figures 13a—b. Dorsal and lateral views of holotype cranidium, x2, loc. 19. 

Peviiray PACiyiicd KOBAMAGHI MMe ESDECIES# 402 cee tice ae eae oe 465 
Figures 14-16. Holotype and two paratype cranidia, x3, loc. 9. 

Figure 17. Paratype free cheek, x3, loc. 9. 
Parabolinella bisuleata KOBAYASHI, new Species ............000-eceecevecececvce 463 
Figures 18-19. Holotype and paratype cranidia, x2, loc. 19. 


Peltura canadensis KOBAYASHI, NeW SPECIES, ...... 6. eee eee cece cece ccccccccccce 466 
Figure 20. Cranidium, x4, loc. 20. 

Paenebeltella convexa KOBAYASHI, new species ............-0ccceecceecceeceseeee 468 
Figures 2la-b. Dorsal and lateral views of holotype cranidium, x3, loc. 2. 

Symphysurina (Symphysurina) cfr. corlissensis (RAYMOND) (oof: ssie staan eee 431 


Figures 22a-b. Dorsal and lateral views of a pygidium, x4, loc. 24. 
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Explanation of Plate VIII 


Ordovician Trilobites from the McKay Group in’ British Columbia. 

Ampyx walcottti KOBAYASHI, NEW SPECIES...... 2.1.6... cece eee eee eee reer er eteees 469 
Figure la. Holotype cranidium and a prismatic spine near its right genal angle, Xd. 
Figure 1b. Lateral view of the same cranidium, x3. 

Figures 2a~b. Another cranidium; dorsal and lateral views, x3. 
Figure 3. Pygidium, x4. 
All from loc. 13. 

Ampyx walcotti var. stenorachis KOBAYASHI, new variety .........+-+.s-ee eee 470 
Figures 4a—b. Dorsal and lateral views of holotype cranidium, x3. 

Figure 5. Another cranidium, x3. 
All from loc. 13. 

Kirkella cfr. vigilans (WHITTINGTON) ........sseececceee reer seer sete e reece sees 445 

Figure 6. Hypostoma of the species found in the same slab with the cranidium 
of Ampyx walcotti in fig. la. x1/2, loc. 13. 


Genivet: Spp.) 1nd. ear eee here. es sie iso Fore Sleuoraiegel el when ale, eteyetenevelotehe/s cneueneten mere hermietaete 365 
Figure 7. Free cheeks of two different types, x2, loc. 22. 

Asaphid, gen. etssps indt, (D) Seems. anes «oe ase ite ee oe 18 sinless 436 
Figure 8. Pygidium, x1/2, loc. 24. 

Metadbowmama latilimbata KOBAYASHI, new Speci€S .... 5.2.2. s cess wesc se 458 
Figure 9. Cranidium, x3, loc. 12. 

Gontoteloides monoceros KOBAYASHI, NeW SPeCieS:.......-....-seeeeeeeeeeeeeeees 447 
Figure 10. Side view of a pygidum, x3, loc. 19. 

Asaphid gen. et: spreindts, (C)b orice sree re reece RSI ho eter aerate peer ee 436 
Figure 11. Pygidium, x11/2, loc. 24. 

Paénebeltelia. convera KOBAYASHI, new species ©.......---.22-++eee-+ cesses eens: 468 
Figure 12. Cranidium, x3, loc. 7. 

Enenocephala longa. KOBAYASHI,new SPeCleS.. <2. o-seiiel- «cis eisesieyere siete sete 448 
Figure 13. Pygidium, x 21/2, loc. 13. 

ASaphid Sen. CL Sp inGt; (ays wexsres ss sldivelsve ye «eels kerereielcactetle sve ieee arene meee eens 436 
Figure 14. Pygidium, x11/s, loc. 13. 

EROCOpresoy niles (@) alt. Cillder?. (TALN'DZE)). cet caiecie catcictes eiciereiate siete eee eee 446 
Figure 15. Pygidium, x3, loc. 4. 

GENPaGtGDeeINt, seeped e cicave mig yes bin Wee din ong Stee egoPeta Tae e Creo Ee 366 
Figure 16. Free cheek, x4, loc. 2. 

Geragnosinus att. mundus (RAYMOND)',. sasesseehie <ecoeekicee eee eee 475 
Figure 17. Pygidium, x5, loc. 23. 
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Figure 18. Cranidium, x2. 

Figure 19. Pygidium, x2. 

Figure 20. Pygidium, x2. 
All from loc. 10. 

ATUPYD A SPAM soo a oc eis vie 6.0 oye 8 3.006 0 0.6: erevionw aol OS ane leo, 5 ORT 470 

Figure 21. Cranidium (b) and pygidium, x1.5. 

Figure 22. Pygidium, x2. 

Figure 23. Two cranidia, a and c respectively on the left and right side, x2. 
All from loc. 7. 
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Figure 1. Hulomella mckayensis KOBAYASHI, new species. Postero-lateral limbs 


oLifixed (cheeks unpreserveds jcc ac s.caiere cise erorlete sista cie ee oie eres otters 451 
Figure 2. Vermilionites bisulcatus KOBAYASHI, new specieS...............-.--- 453 
Figures 3a—b. Symphysurinella corlissensis RAYMOND ...........+--+++++-ereees 428 
Figure 4. Hyperagnostus binodosus KOBAYASHI, new species ................-- 475 
Figure 5. Neoagnostus aspidoides KOBAYASHI, new species .............220+0- 473 
Figures 6a-b. Macroculites enigmaticum KOBAYASHI, new species. Preglabellar 

area and posterior limbs of fixed cheeks ill-preserved. ...............-00000- 461 
Figures 7a-b. Metabowmania latilimbata KOBAYASHI, new species. Posterior 

limbsrottixedicheeks  unpresenvied: tenes cite me acon aa eee eee ere ee 458 
Figures 8a-b. Rhamphopyge altipolwm KOBAYASHI, new species. Whether the 

first segment belongs to the thorax or pygidium is a question. .............. 473 


Figures 9a-b. Neotaenicephalus obsoletus KOBAYASHI, new species. Test of the 

glabella largely exfoliated on the type cranidium. 
Figure 10. Lunacrania trisecta KOBAYASHI, new species 
BisuremUlnm Lerisnod ory ugar Gees AMON Dia eee ee 421 
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